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ABSTRACT 
Crocodile and turtles are well represented at a number of the Olduvai 
archaeological sites, although the nature of their association with the lithic 
artifacts and the other fauna! materials has never been investigated using 
taphonomic methodology. This thesis presents the results of an investigation 
of the taphonomic factors affecting the preservation and composition of 
aquatic reptile bone assemblages, particularly Crocodylus, Pelusios, and 
Trionyx, their potential contribution to early hominid diet, and significance 
for palaeoenvironmental reconstructions. 
The field research, carried out along the eastern shores of Lake Tur-
kana, Kenya, realized three main objectives: 1) a survey of modern surface 
assemblages of aquatic reptile remains, 2) a survey and study of aquatic 
reptile carcasses in "kill-site'' contexts, and 3) a survey and mapping of short-
term occupation sites of modern people utilizing aquatic reptiles in their diet. 
These data provide baseline expectations for aquatic reptile remains in vari-
ous accumulative contexts and allow for the investigation of the biases in 
sampling and preservation potential that are specific to these taxa as a result 
of their physiology, habitats, and exposure to predation. 
The results of the taphonomic study are used to investigate the nature 
of aquatic reptile remains from various Olduvai Bed I and II archaeological 
sites. Specifically, this research addresses the site formation processes that 
operated at particular Olduvai sites, and examines previously offered models 
of early hominid land-use in light of the evidence for hominid involvement in 
the accumulation of aquatic reptiles. 
i i i 
A new model for the activities of early hominids in the Olduvai Basin 
during Bed I and Lower Bed II times is offered that brings together archaeo-
logical, anatomical, and palaeoenvironmental data indicating that early 
Homo was restricted to foraging in lake-margin habitats, and that the evolu-
tion of If. erectus can be directly linked to the loss of this favored habitat and 
concomitant anatomical and behavioral adaptations to increasing aridity 
during Bed II times. 
IV 
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CHAPTER ONE 
INTRODUCTION 
Upon what meat doth this our Caesar feed, 
That he is grown so great? 
—Shakespeare, Julius Caesar 
THE OLDUVAI LEGACY 
Even before the deposits were systematically excavated, the dense 
scatters of stone tools and bones at Olduvai Gorge, Tanzania were interpreted 
as the preserved "living floors" of early hominids who hunted the Pleistocene 
landscape and butchered game along the shores of a now long extinct lake (L. 
S. B. Leakey 1951). Mary Leakey's subsequent extensive researches on these 
sites guided archaeological interpretations away from the culture-history 
tradition that had been emphasized by Louis Leakey (1951), and toward a 
site-oriented, ecological interpretation of early hominid activities. The Oldu-
vai deposits, unique today as when first discovered, are unsurpassed for their 
incredible synchronic preservation of vertebrate and invertebrate remains, 
plant trace fossils, and evidence for humankind's burgeoning capacity for 
technological adaptation. The joint presence of so much palaeoenvironmental 
evidence and archaeological material opened the way for investigations into 
the behavioral correlates of the stone tools preserved there. Early hominid 
diet, food procurement strategies, the potential for seasonal land-use pat-
terns, and even the socioeconomic implications of these sites for the evolution 
of the Hominidae, language, and sharing, are just a few of the issues that 
have centered on the Olduvai archaeological record. The initial reconstruc-
1 
tions of early hominid activities from Bed I and H of Olduvai Gorge have been 
some of the most influential to current paleoanthropology, and even while 
the focus of continuous scrutiny, the hold of these reconstructions on the 
public and scholarly imagination has been steadfast. 
Following the tide of the "new archaeology," Old World archaeological 
traditions gave way to new, processually-oriented evaluations of early ar-
chaeological sites. Researchers today recognize the inherent difficulties in 
the interpretation of early archaeological sites stemming from the distant 
time periods involved, the uncertain integrity of the sites, and the acknowl-
edgment that the early archaeological record represents a complex web of 
destructive and accumulative processes entangled further by the sampling, 
recovery, and interpretive techniques of those who study it. In the wake of 
this realization, a discipline-wide decision to make fewer assumptions about 
early hominid behavior has led to the development of models of early hominid 
resource and landscape use that attempt to go beyond interpretations merely 
reflecting the modern human condition. The "hunting hypothesis" had been a 
favored interpretive framework that neatly tied together the hard archaeo-
logical evidence with the behavioral adaptations of modern humans (Wash-
bum and Lancaster 1968; Lovejoy 1981). In the last twenty years, partly as 
an adverse reaction to depictions of early hominids with modern Western 
behaviors (monogamy, home base use, big-game hunting), experimental and 
ethnoarchaeological data have been essential to the creation of new scenarios. 
Building on the empirical foundations of ecological and etiological field re-
search on large carnivores (Schaller and Lowther 1969; Maguire et ai. 1980; 
Brain 1981; Biumenschine 1986, Binford et al. 1988; Marean et al. 1992) and 
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the study of the contribution of gathered foods in traditional peoples' diets 
(Hill 1982; Vincent 1984; Sept 1984,1986), early hominids have more re-
cently been cast as more omnivorous, more opportunistic, and less predatory 
than in the reconstructions of Dart (1925,1949,1957a, 1957b), L. S. B. 
Leakey (1951), and Washburn (1957; Washburn and Lancaster 1968). 
Glynn Isaac and the Koobi Fora Research Project team, contributed 
significantly to this change, focusing on the Plio-Pleistocene fossiliferous 
deposits of the Koobi Fora region, Kenya, in search for new sites to compare 
to the rich prehistoric record recovered at Olduvai. Issuing from the Koobi 
Fora Research Project was the elaboration of the home-base model first for-
malized by Isaac (1976). Although many aspects of the home-base model 
were, at the time of Isaac's writing, part of the consensus view of hominid 
evolution (see also Zuckerman 1933; Etkin 1954; Washburn and DeVore 
1961), Isaac carefully laid out the complex biosocial implications of the model 
and predicted the forms of archaeological evidence that would support it. The 
main thrust of the model is that the prime mover in hominid evolution was a 
complex interaction of social and biological adaptations involving meat-
eating, tool use, and an increasing dependence on cooperation between and 
within the sexes, resulting in the advent of organized hunting, language, the 
family unit, and the division of labor, with all social and subsistence activities 
being centered spatially around a home-base or camp. Interpretations of the 
Olduvai "living floor" sites and the Karari sites FxJj20 and FxJj50, with their 
high densities of stone tools and broken-up fauna! remains, some with cut-
marks, animal gnawing damage, or both, were used to flesh out particular 
aspects of the home-base model, in particular, the importance of hunting 
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versus scavenging (Bunn 1981; Bunn and Kroll 1986), prey size patterns 
(Bunn 1981), intensity of carcass utilization (Bunn 1981; Bunn and Kroll 
1986; Biumenschine 1986a, 1986b), and landscape use patterns and the 
intrasite activity areas (Kroll and Isaac 1984; Kroll 1994; Biumenschine 
1987; Biumenschine and Masao 1991). 
However, even with these new contributions, with regard to the study 
of early hominid meat-eating, there is a continuing emphasis on only a part of 
the potential record for hominid meat procurement activities. These studies 
of the faunal assemblages of early archaeological sites have focused on mam-
mals, principally ungulates, because of their conspicuous abundance both in 
the palaeontological and archaeological records, and in the modern environ-
ments of eastern and southern Africa. Large mammals have long been used 
in biostratigraphy, and for this reason the large mammal remains from the 
Olduvai sites were studied both earlier and more completely than the other 
faunal groups (Leakey 1965). The preparation and identification of the large 
mammals was performed by palaeontologists specializing in specific taxa. In 
turn, the initial discussions of the fauna from the archaeological sites focused 
on these identified taxa, particularly in relation to early hominid activities. 
Preparation and description of remains of other faunal groups, such as the 
reptiles, fish, and birds, were similarly left to palaeontologists, but came 
somewhat later (e.g., Greenwood and Todd 1970; Tchemov 1976; Auffenberg 
1981). Other than these palaeontologists' forays into interpreting the pos-
sible hominid interactions with these taxa, few researchers have recognized 
their importance to reconstructing hominine behavioral ecology. The inad-
equacy of this situation lies with the fact that at a number of sites, certain 
4 
nnnmammalian taxa are better represented than individual mammalian taxa 
(e.g., Equiidae, Suidae, Bovidae), and in some instances, Mammalia as a 
whole, (M. Leakey 1971, Table 4; Potts 1988 Table 7.1). 
Crocodile and turtle remains, in particular, are common at a number of 
Bed I and H Olduvai sites, but their treatment has been considerably differ-
ent from that of the mammalian remains. Previous analysis by Auffenberg 
(1981), and discussions by L. S. B. Leakey (1965), M. Leakey (1971) and 
Speth and Davis (1976) considered the possibility that the turtle remains at 
various "living floor" sites represent early hominid food remains, although no 
taphonomically oriented study of the remains has ever been conducted, and 
little mention of these palaeontological studies has been made since their 
publication. The crocodiles, on the other hand, have been only very briefly 
described for taxonomic purposes (Tchemov 1976), and have never been 
mentioned as a potential meat resource for early hominids. Instead, they 
have been interpreted as "background noise" from the lacustrine environment 
in which the sites are situated (M. Leakey 1971), their presence not consid-
ered related to hominid activities. That the remains of the turtle Pelusios 
and certain terrestrial water-dependent taxa, such as the bovid Kobus (water-
buck) have not been subjected to the "background noise" argument is not 
unexpected—it bears witness to common assumptions held regarding early 
hominid meat-procurement strategies and hunting capabilities. 
Turtles are obtained by means akin to gathering plant foods, they are 
relatively stationary, passive, and can be collected by hand. They constitute 
an easily obtained meat and fat resource, fully within the foraging abilities of 
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early hominines. Crocodiles, however, are widely seen as dangerous animals, 
predators rather than prey. Davidson and Solomon (1990:202) neatly sum up 
this fallacy in their assertion that "a crocodile's only enemy is another croco-
dile." Countering the predator-free leviathan image of crocodiles are numer-
ous ethnographic examples of crocodile hunting where only a spear or club is 
used (Dyson and Fuchs 1937; Stocker et al. 1980 ; Bion Griffin, pers. comm. 
1993; Carr 1977). In general, crocodiles have been used by people worldwide 
for their meat and fat (Fuchs et al. 1989). Admittedly, most crocodiles ob-
tained by spear, or by other traditional methods are small in size (less than 
1.5 meters) rather than the man-eaters many people envision when thinking 
of crocodiles. Moreover, crocodiles of various sizes are preyed on by terres-
trial predators such as lions (Cott 1961; Graham 1968), hyaenas (Lam 1992), 
and even leopards (Pienaar 1969). Projecting this nonhominid predation 
threat into the past, scavenged or hunted crocodiles would have presented yet 
another foraging opportunity for early hominids. 
Both of these aquatic taxa, turtles and crocodiles, would have been 
significant sources of fat (Benedict 1932; Moody and Coreil 1988) during the 
dry season when the fat deposits of terrestrial fauna, particularly ungulates, 
are generally depleted (O'Dea 1991; Speth 1987). In modem human popula-
tions such seasonal stress is a critical limiting factor depressing maternal 
health and, in turn, population growth (Wilmsen 1978; Konner and 
Worthman 1980; Speth and Spielmann 1983). The seasonal nature of the 
Pleistocene environments has been indicated by geological and palaeontologi-
cal studies (Butzer 1977,1982; Clark 1980; Kappleman 1984), and as such, 
similar limitations on available fat in these environments may have affected 
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the diet and health of early hominines (Speth 1987, but see also Butzer 1982 
for counter argument). 
OVERVIEW 
The present research provides a new look at the archaeological data-
base for early hominid subsistence and site formation. It examines the croco-
dilian and turtle remains from Olduvai Gorge through the lens of an actualis-
tic study of the remains of Crocodylus niloticus (Nile crocodile), Trionyx triun-
guis (soft-shell turtle), and Pelusios sinuatus (serrated terrapin) at Lake 
Turkana, Kenya. This study determines whether the crocodilian and turtle 
remains in a number of Olduvai Gorge Bed I and II living floor site assem-
blages represent attritional accumulations of animal remains from the lacus-
trine environment in which the sites were situated, or alternatively, to some 
degree, represent the food remains of early hominids, as has been posited for 
much of the large mammal remains from the same sites. The research ad-
dresses the following null hypotheses: 
• Differences in skeletal part patterning and damage to croco-
dile and turtle remains derived from actualistic examinations of 
attritional, human-, and carnivore-related assemblages are 
insignificant (i.e., assemblages from these contexts can not be 
differentiated). 
• Given that patterning for each of the above contexts is defin-
able, crocodile and turtle components from the Oldowan ar-
chaeological sites can be shown to represent attritional assem-
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blages with respect to bone densities and skeletal part frequen-
cies. 
• If, however, the crocodile and turtle components from the 
Olduvai archaeological sites are shown to differ from attritional 
accumulations in areal densities and skeletal part profiles, they 
can be explained as deriving from predation or scavenging by 
terrestrial carnivores. 
In order to address these null hypotheses, actualistic methods were em-
ployed. Specifically, contexts representing the various possible accumulation 
contexts represented in the Olduvai assemblages were explored in terms of 
their potential for preserving assemblages of aquatic reptile remains. The 
near-shore environments of Lake Turkana, Kenya were the chosen analogue 
for the Olduvai contexts, primarily due the similarities in the taxa repre-
sented, and the presence at Lake Turkana of modern human populations that 
depend on hunting and fishing for their basic subsistence and who are known 
to form small, short-term occupation sites (Gifford 1977; Gifford and 
Behrensmeyer 1977). Additionally, the location of Sibiloi National Park along 
the eastern shore of Lake Turkana promised a landscape relatively unaf-
fected by human activities from which a database on attritional bone assem-
blages could be constructed. The data used to test the null hypotheses de-
rives from three basic categories of actualistic research conducted at Lake 
Turkana: 1) the systematic sampling of lake-margin areas for description of 
attritional accumulations of crocodile and turtle remains, 2) the examination 
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of carnivore-related assemblages, including a hyaena den and numerous 
crocodile and turtle carcasses representing kill/death sites, and 3) the exami-
nation of crocodile and turtle remains at modern human habitation sites for 
evidence of human-specific patterning of such remains. 
Chapter Two presents a review of studies of the evolution of human 
meat eating, examining the historical, semantic, and cultural biases inherent 
in palaeoanthropological usage of the word hunting. Comparisons to ethno-
graphic studies of modern human subsistence show that palaeoanthropolo-
gists reserve the activity ofhunting for the pursuit and capture of large and 
mostly dangerous prey animals. Exclusion of small, slow, or stationary ani-
mals from this activity by palaeoanthropologists, but not ethnographers, 
suggests that present models of early hominid meat-procurement and even 
socioecology, are biased. Understanding of the evolution of human meat 
eating requires a broader conception of hunting, requiring the reinterpreta-
tion of the faunal components of early archaeological sites. A number of site 
formation models are also reviewed in Chapter Two as a means of introducing 
the explanatory approaches used in the interpretation of early archaeological 
sites. 
Chapter Three addresses methods of faunal analysis and taphonomy. 
Although coming to archaeological and palaeoanthropological endeavors at 
different times, these two fields are now closely intertwined and recognized 
as mutually dependent. Quantitative methods are discussed relative to their 
history, usage, and reliability. Qualitative descriptions of bones, are ex-
tremely important to taphonomic interpretation, and many experimental 
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designs have focused on the careful description of bone damage agents, in-
cluding carcass utilization by humans and nonhuman carnivores and weath-
ering. The analysis of the Olduvai crocodilian and turtle remains as carried 
out at the National Museum of Kenya is outlined. 
Chapter Four introduces the environmental setting of the field research 
on crocodilian and turtle taphonomy. The floral composition of the survey 
areas is discussed, as well as the mammalian fauna, and the reptile species 
that were the focus of the study. The histories and subsistence activities of 
modern human populations of the eastern shores of Lake Turkana, the Das-
sanetch and Elmolo peoples, are presented. Finally, the value of the environ-
ment and biotic community as a model for the Bed I and II paiaeolake Oldu-
vai environs is summarized. 
Chapters Five, Six, and Seven discuss the Lake Turkana actualistic 
database, covering attritional assemblages, kill/death sites and a hyaena den 
assemblage, and modern human short-term occupations sites, respectively. 
Each chapter is organized in such a way as to present descriptions of the 
data, and the analysis of each organized into four sections: bone densities 
and spatial patterning, weathering, breakage and surficial damage, and 
skeletal part profiles. 
Chapter Eight presents the Olduvai data, including a discussion of 
Olduvai Gorge and the individual sites. The Crocodylus and Pelusios data 
are presented in the same format as the actualistic data chapters, with ana-
lytical comparisons made between the archaeological assemblages and with 
the actualistic assemblages. A discussion of the patterning evidenced in the 
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archaeological assemblages is made with interpretations as to the signifi-
cance of the aquatic reptile remains to early hominid activities at Olduvai. 
Finally, Chapter Nine concludes a discussion of early hominid site for-
mation at Olduvai Gorge, Tanzania. A "tethered resources" model is offered 
that examines Bed I and Lower Bed H archaeological sites in fight of the 
results of the research presented in this thesis, specific findings regarding the 
anatomy of early Homo, and recent investigations into the nature of the lake-
margin habitats in the Olduvai Basin. In particular, the seasonal nature of 
the Olduvai environment is highlighted, and the potential value of aquatic 
reptiles to the diet of early Homo is discussed. The effects of environmental 
changes in the Olduvai environment during middle Bed Et times, namely the 
reduction and eventual disappearance of the lake, are examined relative to 
the utilization of aquatic reptiles by early Homo, and the loss of such a high 
quality resource is evaluated in terms of the appearance of if. erectus. Future 
research goals are presented that can be used to evaluate the hypotheses of 
early hominine adaptation offered by this work. 
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CHAPTER TWO 
BACKGROUND 
Tell me what you eat and I will tell you what you are. 
-Anthelme Brillat-Savarin 
HUNTING AND SUBSISTENCE STUDIES 
This chapter presents a review of the palaeoanthropological literature 
concerning early hominid meat-eating and subsistence activities related to 
meat procurement, as well as a brief survey of the models of early hominid 
behavioral evolution founded on various interpretations of early archaeologi-
cal sites. This background is meant to familiarize the reader with the 
changes in theory and method in palaeoanthropological research over the last 
thirty years, starting with the initial interpretations of the Olduvai Gorge 
Bed I and H archaeological sites (L. S. B. Leakey 1951), and ending with the 
currently favored interpretive models for these same sites. Important to this 
discussion is the continual broadening of the types of evidence employed in 
the description and evaluation of these assemblages, and the valuable contri-
butions made by researchers attempting to reduce the Western anthropocen-
tric bias in our reconstructions of early hominid lifeways through the empha-
sis of taphonomic and ecosystem-oriented data. This new framework of 
methodologies provides the basis for the interpretations of aquatic reptile 
remains from Olduvai Bed I and II archaeological sites presented in the final 
chapter of this thesis. 
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In studies of early hominid evolution, subsistence activities represent 
basic adaptation and innovation. Modern humans are considered to be om-
nivorous, and we among the higher primates eat the most meat (Hill 1982). 
The level of vertebrate predation documented by TeleM (1973:176) for chim-
panzees led him to pronounce them "more than occasionally interested or 
'opportunistic' collectors of meat." Given this propensity in our nearest living 
relative, it is not unreasonable to project this behavior onto the ancestral 
hominid. The expansion of the vertebrate predation behavior found in non-
human primates into the hunting capabilities of modern humans has been 
considered one of the fundamental hallmarks of human evolution (e.g., Dart 
1953; Washburn 1957; Isaac 1968; Isaac and Grader 1981; K. Hill 1982). In 
fact, Foley (1987,1991) has suggested that a change to a more generalized, 
omnivorous or carnivorous diet may have been the key to success for Homo 
erectus in its rise and geographical dispersion across the Old World. A broad 
or generalized subsistence base would permit greater tolerance for a variety 
of environments, and this ability to adapt to new, different environments may 
have led H. erectus to the present human evolutionary path, one increasingly 
dependent on technological innovation. 
Reliance on meat resources is posited by Potts (1991) to have been one 
of the elemental features of the Oldowan—a "resource breakthrough" 
whereby early hominids incorporated stone tools and new landscape-use 
patterns in their exploitation of animal meat and fat resources. The appear-
ance of large, dense scatters of tools and bones in the early Pleistocene is 
considered to mark the earliest evidence for humanlike activities. Stone tools 
from Kada Gona (Hadar, Ethiopia) dated to 2.7-2.5 mya (Roche and Tiercelin 
13 
1980) indicate that even at this early date hominids were making tools, but 
the paucity of associated faunal remains suggests that land-use behavior 
differed, tool-use locales were not revisited and perhaps resources were more 
evenly distributed over the landscape. Later sites, such as the Karari site 
FxJj20, and the Olduvai sites DK, FLK "Zinj," and FLK NN, have been 
deemed significant by virtue of their dense scatters of bone and stone tools, a 
spatial configuration likened to short-term occupation sites of modern hu-
mans (Isaac 1984). 
In the "hunting hypothesis" account of human evolution, modern hu-
mans are viewed as an emergent phenomenon, in which the advent of hunt-
ing behavior brought into being language capabilities, food sharing, tool use, 
bipedalism, and monogamy (Washburn 1957). Raymond Dart's (1925) zeal-
ous portrayals of baboon-hunting, cannibalistic australopithecines had pro-
found effects on the direction of early palaeoanthropological research. Much 
was made of Dart's ideas particularly as they attempted to explain 
humankind's violent, war-ridden present, lending credence to Robert Ardrey's 
popular 1961 book African Genesis in which he describes the origin of homi-
nid meat-eating (p. 265): 
Always before us lay the spreading savannah, but we could five 
on the antelope no more than on grass. A single commandment, 
unheard and unseen, overhung the birth of every infant: kill, 
and eat meat, or die.... 
Despite its popular appeal, Dart's (1925) violent reconstructions stirred little 
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more than cynical disdain among the academic community until the evolu-
tionary implications of a hunting hominid were highlighted in the writings of 
Sherwood Washburn. Washburn (1957), while discounting Dart's reconstruc-
tions of australopithecines as the earliest hunters, nevertheless supported 
Dart's logic—that to demonstrate a particular fossil hominid was a hunter is 
to demonstrate that hominid's relevance to modern human evolution. Wash-
bum (1957: 612) himself said: 
The taste for meat is one of the main characteristics distinguish-
ing man from the apes, and this habit changes the whole way of 
life. Hunting involves cooperation within the group, division of 
labor, sharing food by adult males, wider interests, a great 
expansion of territory, and the use of tools. It is therefore impor-
tant to date the beginning of hunting in order to interpret the 
origin of human behavior. Did man take to the grasslands be-
cause he was a hunter, or did he become carnivorous long after 
leaving the forest? 
This conviction, that hunting represents the sine qua non of human-
kind was taken even further by Washburn and Lancaster (1968) when they 
tied together the evolution of hunting with the origins of the modern psyche, 
warfare, murder, and even gender differentiation in the play styles of chil-
dren. They state, for instance, that "Hunting is more than a part of the 
economic system, and the animal bones in Choukoutien are evidence of the 
patterns of play and pleasure of our ancestors" (1968:300). This view of 
hunting, that it is a milestone of humanity, may not be entirely misdirected. 
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But reevaluation of the terminology and its effects on interpretations is 
certainly in order in paleoanthropology where is it portrayed as a complex, 
necessarily weapon-mediated activity. This section presents a brief review of 
the historic, semantic, and cultural biases I and others identify as having 
influenced reconstructions of the evolution of human meat-eating. 
Historical Bias 
Louis Leakey's (1965:37) early reports of the excavations at Olduvai 
Gorge included the following statement: "Fossil remains of Bovidae are 
exceedingly plentiful in the Olduvai deposits....Man apparently preferred the 
flesh of the Bovidae to that of many other groups, as he does throughout the 
world today." Nearly thirty years later, however, most researchers recognize 
that evolution from a hypothetically more herbivorous Australopithecus of the 
Pliocene to a big-game hunting human of the Late Pleistocene is a large 
leap—one probably taken, as with most new ventures, in small steps. Di-
etary reconstruction of Middle and Late Stone Age people credit them with 
rather broad subsistence modes, capable of generalist-like activities aimed at 
both large and small game (Klein 1981; Wadley 1984). We must then ques-
tion why a big-game bias in early hominid subsistence reconstructions is still 
so common (Binford 1981; Biumenschine 1986a, 1986b, 1987,1991; Biumen-
schine et al. 1994; Biumenschine and Madrigal 1993 Biumenschine and 
Masao 1991; Cavallo and Biumenschine 1989; Bunn 1981,1982,1986,1987, 
1989; Bunn and Kroll 1986; Isaac and Grader 1981; O'Connell et al. 1988; 
Potts 1984,1986,1987,1988,1991; Potts and Shipman 1981, Shipman 1986). 
The initial analysis of the Olduvai faunal materials, and furthermore, 
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of fauna from most early archaeological sites described prior to the 1980s, 
was undertaken by palaeontologists interested in establishing the biostrati-
graphic placement and environmental reconstruction of the sites. The bovids 
from Olduvai were identified and analyzed first for this very reason (Leakey 
1967; Gentry and Gentry 1978a; Gentry and Gentry 1978b). As such, analy-
ses of archaeological faunal materials were, until more recently, frequently 
performed by palaeontologists specializing in certain taxa, but without strict 
taphonomic or zooarchaeological goals. In a number of instances, their con-
tributions did extend to interpreting the presence of certain taxa, or certain 
sized individuals as resulting from hominid subsistence activities (see for 
example, Auffenberg 1981; Greenwood and Todd 1970; Vrba 1975,1980). 
Zooarchaeology, with the primary focus of reconstructing human behavior 
from faunal materials, arrived on the scene much later (Bunn 1981; Bunn 
and Kroll 1986; Potts 1987,1988), but a scene dominated and predicated by 
the study of large-bodied mammal fossils. Though undoubtedly early homi-
nids made use of a wide variety of meat resources, our knowledge of the 
evolution of human meat-eating has been limited by studies emphasizing 
large game (e.g., Dart 1953; Binford 1981; Isaac and Grader 1981; Hill 1980, 
1983; Richardson 1980; Biumenschine 1986,1987; Bunn 1981; 1982; 1986). 
This thesis offers an expansion of the extant database for early homi-
nid subsistence in an effort to further the movement, outlined by Bunn 
(1991:434), in which a new generation of researchers "raised new questions 
about the behavior of early Homo.7' Broadening the investigations of early 
archaeological faunal assemblages to include previously ignored and poorly 
studied taxa will allow us to continue to "raise new questions" by providing a 
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an ever widening view of the ancient landscapes and environments that 
provided the catalysts for hominid behavioral adaptation. 
Semantic Bias 
What do we mean by "hunting?" In the palaeoanthropological and 
primatological literature, usage of the term has been uneven, and is often 
poorly operationalized. Participants in the now famous "Man the Hunter" 
symposium (Lee and DeVore 1968:4) could not agree on a definition of "hunt-
ers," seeing that even an evolutionary definition, such as "those populations 
with strictly Pleistocene economies—no metal, firearms, dogs, or contact with 
non-hunting cultures" would exclude all modern people from the category. 
Discussants briefly debated the meaning of "hunting," but only in reference to 
activities that involve fauna, but in practice are more akin to gathering, such 
as "herding fish onto mud flats" (p. 92). In the end, the symposium partici-
pants were only able reconcile by agreeing "to consider as hunters all cases 
presented [at the symposium]" (Lee and DeVore 1968:4). 
Terminology, in general, is one of the most problematic aspects of 
subsistence studies. There is a common failure of workers to use analogous 
categories when comparing the diets and behaviors of different species of 
primates, as Harding and Teleki (1981) point out in the usage of the terms 
insectivore and frugivore versus hunter and gatherer. In this instance, con-
tent of diet is being compared to the behavior by which food is procured. 
Other problems arise from a lack of clearly defined terminology, such as 
whether or not the activity of hunting includes small, slow, or stationary 
animals that can be captured by hand, or is confined to the capture of large, 
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mobile prey. 
Almost in direct opposition to palaeoanthropoiogists, ethnographers 
frequently employ a rather broad definition of hunting. Hill's (1982) survey 
of hunting by traditional peoples presents data on percentage of daily calories 
from meat for the Ache of Paraguay obtained by bow-hunting versus that by 
hand-capture. He states (1982:527): 
A striking finding...is that Ache" hunters in eastern Paraguay 
obtain 0.27 kg of meat per hour foraging using no weapon or tool 
but their bare hands and occasionally a digging stick.... 
Silberbauer's (1981:206) examination of the hunting activities of the G/wi 
Bushmen discussed a variety of meat-procurement activities: 
The hunter's techniques include, in order of frequency or 
use, shooting with bow and poisoned arrow, snaring, catching 
springhares by mean of barbed probes thrust into warrens, 
running down, spearing, clubbing, and meat-robbing. 
In a study of Basarwa hunting and meat-sharing activities, Kent (1993) 
recognized as "hunting" strategies aimed at obtaining prey animals ranging 
from 1 kg up to 55 kg. She claims (Kent n. d.), in fact, that the difference 
between skilled, or successful hunters, and their less skilled counterparts: 
...is not a consequence of some individuals hunting more hours 
or obtaining larger animals..." 
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but is related to numbers of animals obtained. She further notes (1993:335) 
that: 
Animals duiker size [9 kg] and smaller were more often obtained 
that animals hartebeest size or larger" 
As for the other side of the coin, Isaac and Crader (1981:101) present 
the common attitude among palaeoanthropological researchers explicitly 
defining their use of the term "hunting" as "[the] pursuit of fairly large, 
highly mobile prey....acquiring a nestling bird is not hunting, nor is the dig-
ging up of small burrowing animals." But consider that Hill and Hawkes 
(1983) report Ache primarily hunt prey weighing under 10 kg. Taking this 
into account, perhaps Isaac and Crader would not have considered the Ache 
meat-procurement strategy to be hunting. The question arises as to the effect 
this definition of hunting has had on our reconstructions of early hominid 
subsistence. Examining the faunal materials from an archaeological site in 
order to address hominid hunting activities, Isaac and Crader (1981) might 
ignore all but the large mammal remains. 
The examples given suggest that some researchers place greater value 
on the complexity of "hunting" activities, that is, they define hunting as a 
difficult activity requiring a high level of planning or skill. Identifying the 
capture of small, burrowing, or sedentary animals as hunting is antithetical 
to this view. The manner in which one defines hunting directly affects what 
behaviors one studies when doing ethnographic fieldwork and what faunal 
remains one examines if working on archaeological materials. These biases 
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in turn have a direct effect on interpretations of the archaeological record. 
In his recent examination of !Kung San small mammal utilization, 
Yellen (1991a, 1991b) attempts to explain the interest of palaeoanthropolo-
gists in large mammal prey species as a function of two current issues in 
paleoanthropology. The first issue is the controversy as to whether the so-
called "living floor" sites, such as FLK "Zinj" at Olduvai Gorge, Tanzania, 
actually represent loci of early hominid subsistence activities, and the second 
issue, the problem of determining whether early hominid meat-eating cen-
tered around hunted or scavenged resources. The long debate between Bin-
ford (1981) and Bunn (1982; Bunn and Kroll 1986) centering on the represen-
tation of bovid metapodia and crania versus meat-bearing bones at these 
sites best illustrate how bovid remains have been employed in tackling these 
questions. The relationship Yellen highlights, between the issues and the 
methods and theory used to address them, is in my opinion, backwards. 
Rather, I would argue just the reverse: a preexisting interest in large mam-
mal remains has driven the theory, which in turn is determining the current 
issues, and what are seen as relevant data. 
Up until the 1970s a kind of "lip-service" was given to reconstructions 
of early hominids as opportunistic omnivores, making use of a larger variety 
of faunal resources (Isaac 1968, 1971; see also M. Leakey 1971; Washburn 
and Howell 1960). For example, Isaac's (1971:289) summation that: 
...the available evidence shows clearly that a wide range of meat 
foods figured in Lower Pleistocene hominid diet at Olduvai and 
that the quantities involved were substantial. 
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Subsequent research, however, particularly that stemming from the Koobi 
Fora research project, nevertheless directed attention toward large mammal 
remains, practically to the exclusion of the other fauna present. This focus 
truly gained impetus after cut marks were discovered on large mammal 
bones from sites at Olduvai Gorge (Potts, 1982,1987,1988; Potts and 
Shipman 1981) and Koobi Fora (Bunn 1981,1982; Bunn and Kroll 1986). 
Rather than quelling any controversy as to the behavioral and functional 
relationships between the stone tools and faunal remains at these sites, the 
cutmark evidence provoked new and interesting questions as to the meat 
procurement strategies of early hominids. The debate turned to whether or 
not early hominids were capable of hunting large dangerous prey, with the 
implications that scavenging may have been a more important strategy than 
hunting during the initial stages of hominine evolution (e.g., Bunn 1982, 
Bunn and Kroll 1986 versus Potts and Shipman 1981,1986). Workers ad-
dressed the debate through ethnographic studies of Hadza hunting, butcher-
ing, and scavenging (Bunn et al. 1988; O'Connell et al. 1988,1989), analyses 
of hyaena utilization of large mammals (Biumenschine 1986a, 1986b, 1987; 
Marean et al. 1992), and other taphonomically-oriented investigations of 
large mammal remains (Behrensmeyer 1978; Behrensmeyer and Dechant-
Boaz 1980; Behrensmeyer et al. 1986; Biumenschine 1989). 
Cultural Bias 
The sizable number of faunal studies in paleoanthropology focused on 
large mammal remains reflects widespread, culturally-seated a priori as-
sumptions about what types of behavior were relevant to the evolution of 
modern humans and which animals are good to eat. Many ethnographic 
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studies of modern hunter-gatherer groups indicate that large game is fre-
quently not the important resource, but rather smaller fauna are utilized 
more regularly (e.g., Gould 1981; Yellen 1991a, 1991b; Silberbauer 1972, 
1981; Jones 1983; Kent 1993). Furthermore, as Yellen (1991a:3) argues: 
Given a higher primate subsistence adaptation which is based 
primarily on plant collecting it is not hard to imagine a scenario 
where the first hominid hunting focused on...small mammal 
species.... 
Studies of predation by nonhuman primates show that in many cases, small 
vertebrates are an important source of protein and a significant part of the 
diet (Hayden 1981; Altman and Altman 1970; Stahl 1984). But small-bodied 
animals are not only harder to study, being less archaeologically visible than 
large mammals, they are also seen to be less dangerous to capture or kill, and 
if caught, provide less meat—an important point if provisioning of meat 
resources is critical to assumptions about early hominid socioecology. The 
potential for scavenging from small-bodied carcasses is negligible from 
hyaena or Hon kills, since these predators tend to consume the whole animal. 
But for just this reason, the remains of smaller bodied animals at early ar-
chaeological sites may then be quite significant, since nonhuman predator 
involvement in their accumulation can be more reasonably ruled out, as 
Yellen (1991a) has suggested. 
Blumenschine's (1986a) study of scavenging opportunities in East Afri-
can ecosystems opened the door to considering early hominids not as big-
23 
game hunters, but as opportunistic scavengers in dire competition with spe-
cialized predators over big-game carcasses. Although the change in focus this 
work brought to palaeoanthropological research was overdue, its emphasis is 
still large mammal remains. The debate over hunting and scavenging there-
fore still addresses the same resources, and in essence has dichotomized 
discussions of early hominid meat-procurement to exclude other possibilities 
and other data. In the end, building models of early hominid subsistence 
strictly on data emphasizing large-bodied prey, scavenged or hunted, ignores 
phylogenetic aspects of hominid behavior, and bypasses questions of the 
actual origins of the greater quantity of meat in the human diet. 
Very few studies have so far focused on the small-bodied or nonmamma-
lian meat resources that were potentially available to early hominids. This 
limited body of work includes research on small mammals by Jones (1984) 
and Yellen (1991a, 199 Ibb), on fish by Stewart (1991,1994), and this work, on 
turtles and crocodiles. These works emphasizing alternative meat resources 
represent continued movement toward the goal of asking "new questions 
about the behavior of early Homo" (Bunn 1994:434). They constitute an 
important new research program oriented toward understanding the diet of 
early hominids within the context of the archaeological record and not the 
context of our historically-biased expectations. By broadening our definition 
of the potential subsistence base of early hominids we are able to include taxa 
not considered important in previous models of hominid meat procurement 
strategies and reevaluate the seasonal availability of important dietary con-
stituents such as fat (Stewart 1994). Studies of small-bodied and 
nonmammalian fauna contribute greatly to discussions of what constitutes a 
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reasonable trajectory for the evolution of human meat-eating. They force us 
to refocus the questions we ask of the record such that animals not included 
in the traditional palaeoanthropological definition of prey species are investi-
gated and methods appropriate to their size, physiology, and habits are devel-
oped. Without these new studies, we risk ignoring the wide biotic diversity 
represented in the faunal assemblages of early sites, and fall short of a com-
plete view of the environments that gave rise to early Homo. The thesis, by 
investigating the aquatic reptiles from early archaeological sites, attempts to 
redress the imbalance in our understanding of the environment and subsis-
tence base of early HOMO. 
APPROACHES TO SITE INTERPRETATION 
Just as we must "question our questions" regarding biases in recon-
structions of the evolution of human meat-eating, so must we pay careful 
attention to how we identify early archaeological sites themselves. The ar-
chaeological record for early human evolution is replete with recognized 
"sites" from which large quantities of animal remains and stone tools have 
been excavated. Much attention has been paid to the bovid remains from 
these sites. But just as much attention has been given, in recent years, to 
questions as to the integrity of these sites, that is, researchers have become 
concerned that the archaeological sites may not be the result of hominid 
activities only, but rather palimpsests of hominid, carnivore, and natural 
processes operating over long periods of time (Binford 1981; Brain 1981). 
The juxtaposition of stone tools and animal bones in Lower Pleistocene 
deposits presents itself as an interpretive puzzle—while such "sites" are 
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seemingly under constant scrutiny, certain of them, particularly "open air 
sites" present special problems. Cave sites in Europe, Africa, and Asia are 
less perplexing on one level, since the very nature of caves and the nature of 
the animal remains found within them indicate that something brought the 
animal remains to the site, either larger carnivores, porcupines, or hominids. 
In some instances, such as pit fissures or sink holes, natural processes like 
sheet wash across the outside ground surface can be shown to have played a 
role in the assemblage formation (Bakken 1994). Open air sites, like the ones 
at Olduvai Gorge, are overall more problematic, since they represent the 
natural environment of most of the fauna present. Nothing need to have 
carried the carcasses or parts of carcasses to the locale, rather it is completely 
plausible that much of the faunal material derives from attritional deaths of 
the biotic community surrounding the site. The presence of palaeosols, fossil 
soil horizons, mark the land surface upon which the bones were deposited. 
Because they were on the surface, probably not protected from the sunlight 
and changes in temperature or humidity as would be bones in a cave, it is 
also plausible that the bones present in the assemblage are only a fraction of 
the ones originally deposited on the surface, the rest having distintegrated 
from the effects of weathering. The interpretation of the faunal remains from 
these sites is therefore problematic, particularly with reference their interre-
lationships, the timing of their deposition, and the agents responsible for 
their deposition and destruction. Stone tools, on the other hand, are typically 
more clearly the product of hominid activities. Determining the functional 
and behavioral relationship of tools to faunal remains at archaeological sites 
is of paramount interest to palaeoanthropologists, since it is the 
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juxtapositioning of these two material that are at the basis for inferring early 
hominid socioeconomic behaviors such as hunting, gathering, food-sharing, 
and the division of labor. 
The fundamental issue then, is explaining the coexistence of the stone 
tools and animal remains. In order to address this issue, taphonomic re-
search has posed the following questions: Are the stones and bones present 
simply due to natural, nonhominid processes (Isaac 1977; Voorhies 1969)? 
Are the stones really stone tools produced intentionally by hominids (e.g., 
Toth 1985)? Were hominids present in the environment, but not actually 
responsible for the animal bones present at the sites (e.g., Hill 1975; Binford 
1981; Potts 1988)? Can the stone tools be functionally linked to the animal 
remains at the sites (e.g., Bunn 1981,1982; Bunn and Kroll 1986; Potts 1982; 
Potts and Shipman 1981)? The latter question builds upon the former ones to 
support arguments that the stone tools and bones are functionally related— 
that the bones represent the food refuse of early hominids who used stone 
tools to process animal resources. 
There exist a number of competing explanations for how early homi-
nids utilized resources in their environment and how their actions produced 
what we call the archaeological record. This discussion will focus on five of 
the most widely known models of early hominid subsistence and land-use 
behavior: the home-base model, the central-place foraging model ,the stone-
czche model, the tethered resource model, and the dry-season riparian based 
scavenger model. The first two, the home-base and central-place foraging 
models, are anthropocentric behaviorally-oriented models directly dependent 
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on modern ethnographic data for their assumptions and reasoning. The 
latter three, the stone-cache, tethered resource, and dry-season riparian 
based scavenger models, are ecologically-oriented models that use a variety of 
ecosystemic variables and assumptions in their formulation. In this discus-
sion, each will be presented in terms of its assumptions and potential for 
contributing to our understanding of early hominid behavior. 
Home-Base Model 
The initial descriptions of the dense concentrations of stone tools and 
broken-up animal remains in Beds I and II of Olduvai Gorge, Tanzania, 
presented these occurrences as the preserved floors of early hominid occupa-
tion sites (L. S. B. Leakey 1967; M. Leakey 1971). This scenario was further 
elaborated on in the writings of Clark (1970) and Isaac (1969,1971) each of 
whom were working on Acheulian sites elsewhere in eastern Africa. As Isaac 
(1984) himself recounts the initial hypothesis, "it was argued that the estab-
lishment of food sharing and home-base behaviours could be used in accounts 
of the dynamics of human evolution to help explain selection pressures lead-
ing to the later development of communication abilities (language) and of 
elaborate long-range social foresight and cause-effect thinking (the intellect)." 
This model for hominid origins eventually came to link food-sharing, meat-
eating, the division of labor, encephalization, tool-use, language, and male-
male cooperation (Isaac 1981). Primary to this model was the assumption 
that hominids spent a significant amount of their time at these locations, 
making them the focal point for socioeconomic activities (Isaac 1971). The 
comparison to model hunter-gatherer campsites was complete with the impli-
cation that early hominids slept at these locations as well. As Kroll 
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(1994:111) explains, the home-base model: 
implicitly requires one period or several periods of daily continu-
ity in hominid activities enabling foraging away from a place 
(group fission) and returning to it (group fusion) for gender-
based sharing of transported resources (Isaac 1978b). 
Binford (1981:251) states that Isaac's (1976) and Leakey and Lewin's 
(1977,1978) reconstructions of early hominid lifeways, present an "ab-
stracted idea of a gathering and hunting way of life largely based on generali-
zations offered by Lee and DeVore (1968)....Ethnographic generalizations 
have simply been projected into the past" [original emphasis]. Binford fur-
ther argues that such use of ethnographic analogy is post hoc accommodation 
of the archaeological evidence with the ethnographic present. He contends 
the home-base hypothesis (and the later food-sharing and central-place forag-
ing hypotheses) offered by Isaac (Isaac and Isaac 1975) is pure speculation 
based on the modern human condition and preconceived notions regarding 
the Olduvai Gorge "living floors" excavated by Mary Leakey (1971). Isaac 
(1981) countered these criticisms by arguing: 
Many people took [the food-sharing hypothesis] to mean that the 
early hominids must have been relatively placid, cooperative, 
gentle creatures who lived essentially human fives, less a few 
trappings of cultural elaboration. This does not necessarily 
follow, and I return to the point made at the outset: there are no 
living counterparts of the early hominids and we should expect 
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that, as we refine our information about them, more and more 
distinctive and unexpected features may appear. 
Nevertheless, Isaac and his Berkeley group, under the auspices of the Koobi 
Fora Research Project, sought to test the most basic assumption of the home-
base hypothesis, that is, that the stone tools and animal bones were truly 
associated in a behavioral and functional sense through the meat procure-
ment activities of early hominids. It was thought that in demonstrating a 
functional relationship between the tools and bones, the home-base model 
would be supported. 
The work of Bunn (1981; Bunn and Kroll 1986), Potts and Shipman 
(1981), and Shipman (1986) laid to rest, momentarily at least, doubts as to 
the association of the stone tools and bones at some of the Karari and Olduvai 
Gorge sites. The discovery of cutmarked bones linked the activities of homi-
nids to the animal remains. Cutmarks were found on gazelle, hippo, el-
ephants, and giraffe bones from both areas, and attributed to meat procure-
ment (Bunn 1981; Bunn and Kroll 1986; Potts 1982) or tendon extraction 
(Shipman 1986). Even with these findings, however, the debate continued 
with criticisms coming from Binford (1981), Potts (1988) and Biumenschine 
(1986,1987) regarding the timing of hominid activities at these locales, and 
the nature of carnivore-hominid interactions. 
Central-Place Foraging Model 
In his 1983 paper "Bones in Contention," Isaac unreservedly aban-
doned the home-base model on the grounds that it imbued early hominids 
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with qualities too modern to be heuristically valuable. In its place, he offered 
the "central-place foraging" model, a revamping of his previously offered 
(1978) "food-sharing hypothesis" which emphasized the delayed consumption 
of hunted and gathered resources and the provisioning of those resources 
among group members. 
If examined closely, the central-place foraging model can be seen to be 
the home-base model minus the assumption that the sites served as sleeping 
locales as well as the focal point of daily activities. All the other features of 
the home-base model are present in this reformulation, including the as-
sumptions of gender-oriented division of procurement activities and resource 
redistribution. Unfortunately, in terms of evidence used to support this 
model, it differs little from the home-base model, requiring only that the 
stone tools and animal bones be behaviorally linked through cutmark or 
usewear evidence (Binford 1981). 
Stone-Cache Model 
Rather than viewing the Olduvai "living floor" sites as "home-bases" at 
which hominids focused their subsistence and social activities or "central-
places," Potts (1988) has proposed that the artifact-faunal assemblages, 
particularly those with high frequencies of manuports, represent stone-cache 
locations, where hominids frequently brought and left raw stone materials 
and returned in order to butcher or extract marrow from nearby carcasses. 
Except for the DK sites, immediately underlain with basalt, which was erod-
ing out of the palaeosol surface, the lake margin sites were characterized by a 
paucity of appropriately sized raw stone blocks or cobbles with which to 
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produce stone tools. Sourcing of the raw materials has shown that during 
Bed I times, lava from the Sadiman volcano was "obtained in the form of 
cobbles from stream channels clraining the north side of Sadiman. The high 
proportion of Sadiman lava choppers in Bed I and the lower part of Bed II 
indicates that it was selected in preference to other lavas" (Hay 1976:183). 
These lavas were obtained approximately 2-4 km from the lake margin sites. 
Gneiss was obtained from even farther away (8-10 km) and used to make 
some heavy duty tools at DK and FLK "Zinj", while the chert used for light-
duty tools at Bed H sites such as HWK and MNK was obtained within one 
kilometer of the sites (Hay 1976). 
Potts' (1982,1988,1991) stone-cache model emphasizes behavioral 
innovations of resource transport by which both animal remains and stone 
materials were moved into and out of the locales we recognize as archaeologi-
cal sites. For instance, Potts' (1982) analysis of the stone tool dSbitage at a 
number of the Olduvai Bed I artifact sites indicates that the frequencies of 
core (or flaked piece) materials types and dSbitage material types do not 
correspond, that is, either there is more or less debitage of one material to 
account for the flake scars on the cores of the same material. This suggests 
that hominids were bringing in unflaked stones for reduction on the site, but 
taking the trimmed cores away afterwards, as well as bringing in cores that 
had been reduced elsewhere. Analyses of the large mammal remains from a 
number of sites also suggest that only parts of carcasses were brought into 
the site area. The transporting of materials around the landscape, whether 
bringing stone tools to carcasses, or bringing meaty animal parts to locales 
where stone tools have been left, is the innovation Potts recognizes as the 
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behavioral innovation of the Oldowan hominids. As he states (1991:171): 
The combined transfer of foods to stones and of stones to less 
mobile resources, the increased complexity of mapping these 
stone and food resources on to one another, and the increased 
diversity and spatial structure of food and stone resources thus 
made accessible—all of which inevitably were associated with 
this land use strategy—may have had tremendous evolutionary 
consequences (immediate or later) for those hominids who 
adopted this transport aspect of the Oldowan. 
This viewpoint is much removed from the interpretations of early archaeo-
logical sites that have dominated the field of paleoanthropology for the last 
thirty years. For example, the initial interpretation of these earliest sites as 
home-bases, or short term occupation sites, was widely accepted, as best 
represented by the papers from the "Man the Hunter" symposium (Lee and 
DeVore 1968), and on into the 1980s by the home-base model. Early homi-
nids were pictured as primitives with simplistic technologies roaming the 
landscape in small family bands, much akin to the modern !Kung. Even 
though this view was criticized by certain workers (e.g., Binford 1981), the 
students of Glynn Isaac working on the Koobi Fora Research Project sought 
to test Isaac's central-place foraging model with data from the Karari sites, 
particularly FxJjSO (Bunn 1981,1982; Bunn et al. 1980; Bunn and Kroll 
1986). Alternative models of the hominid behaviors that may have produced 
the sites were not proposed from within paleoanthropology until Potts 
(1982) outlined his stone cache model. 
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The "stone-cache" model emphasizes competition between hominids 
and terrestrial carnivores over kills. The presence of both cutmarked and 
carnivore-gnawed bones at the Olduvai sites indicate to Potts that competi-
tion with carnivores over meat was a defining factor in the organizational 
behavior of early hominids, that is, that their overall pattern of carcass utili-
zation may have been the direct result of competition with both the primary 
predators and other large scavengers. 
The numerous bone breakages and tooth marks made by 
carnivores suggest that hominid activities in these areas of 
dense bone concentration at Olduvai, in fact, were limited by 
carnivore activity....Furthermore, the concentration of carnivore 
tooth marks on meat- and marrow-bearing bones and the occa-
sional presence of complete, undamaged meat- and marrow-
bearing limb bones in the Olduvai assemblages suggests reasons 
for carnivore attraction to these sites (Potts 1984:157). 
Potts' (1988) argues that the home-base hypothesis fails because large carni-
vores would have been drawn to the sites by the meat or bone scraps left by 
hominid activities, therefore, hominids would not have spent as much time 
there as predicated by the hypothesis. The above statement discounts the 
probability that carnivores may have added bones to the assemblages, that 
carnivore-damaged bones may have been part of the background faunal 
assemblage, or that carnivores may have ravaged the materials at the site 
after the hominids were gone. Early hominids, having been bipeds for a few 
million years by the time the Olduvai sites were formed, may have already 
34 
established some sort of mutually threatening relationship with terrestrial 
carnivores on the level we see today in which the balances do tip to the detri-
ment of humans quite often. Technologically, hominines have changed dra-
matically within the last few hundred thousand years, but hominids existed 
within their ecosystems without fire or major technological apparati for much 
longer. As Potts (1984:134) himself argues, "It is necessary to postulate that 
[the] benefits [of meat-eating] outweighed the costs of direct interaction and 
exploitative competition from carnivores." 
Researchers readily accept that interactions between Pleistocene 
hyaenids and felids underwent transformations stemming from competition 
and the arrival or departure of certain carnivore taxa [see Marean (1989) and 
Marean's (1987) reply to Biumenschine (1987)], so why postulate hominids as 
helpless, unprotected packages of carnivore fodder? Refuting such an idea 
does not require one to accept the home-base interpretation of early sites, but 
it does preclude dismissing it on the basis that early hominids would have 
been dessert after the hyaenas cleaned up the bovid scraps. Potts (1988) 
expounds on the role of hominid-carnivore competition in the formation of 
early archaeological sites, but provides no further discussion of the effects of 
this relationship on subsequent hominid evolution. Examining hominine 
evolution from within the context of carnivore competition and interactions 
can lead to investigations of modern human anatomy and sociality as a prod-
uct of this competition. In particular, long-distance locomotor endurance 
(Carrier 1984), throwing capabilities (Fifer 1987; Calvin 1982; Isaac 1987), 
and high levels of group cooperation (Hawkes et al. 1991) are features that 
may have evolved in response to competition with large carnivores. The 
35 
potential roles of these behaviors to the development of hominid meat-eating 
and hunting activities warrant greater consideration on the grounds that 
their inclusion into models of early hominid evolution contributes to a more 
"Darwinian" model based on interspecific competition. The standard view 
linking modern human behaviors and anatomical features together into a 
closed complex web of feedback mechanisms (e.g., Lovejoy 1981) can therefore 
be replaced with a competition-based model that accounts for the major 
features of hominid evolution by a more open web of community-wide interac-
tions, placing early hominids squarely in their ecosystem, rather than apart 
from it. 
The two primary criticisms of the stone cache model are its apparent 
necessity for premeditation on the part of the early hominids and problems 
relating to testability. I agree with Potts' (1988) rebuttal of the premeditation 
problem, in that no extensive mental capabilities are required for hominids to 
deposit stones in areas where the presence of resources requiring stone or 
stone tools are greatest—likening the situation to the use of nutting rocks by 
chimpanzees (Sugiyama 1981; Boesch and Boesch 1984). 
As for testability, I argue that the criteria Potts (1988:285) offers for 
recognizing the Olduvai sites as stone caches are really the same criteria that 
have been used to characterize the sites as home bases/central place foraging 
places (Isaac 1984). These criteria are: 
(1) the tight concentration of transported artifacts and bones; (2) 
presence of cut marks (or other tool modifications) indicating a 
link between transported stones and the processing of animal 
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tissues; (3) incomplete processing of bones that are rich in meat 
or marrow; (4) traces of carnivore gnawing on bones indicating 
the activity of carnivores at these same spots to which hominids 
transported stone artifacts; (5) evidence, such as from bone 
weathering, for repeated visits to sites over the long term by 
hominids and carnivores; and (6) the presence of unmodified and 
unutilized pieces of stone that can only have been transported 
by hominids (manuports). 
These criteria could very well be used in the recognition of any human 
occupation site, prehistorically distant or relatively recent, providing that 
stone was the principle raw material for tools. The primary difference be-
tween the stone cache and the home base/central-place foraging models is in 
the amount of time early hominids are posited to have spent at the locales, 
not in the criteria used to recognize one type of activity locale versus the 
other. Potts' (1988) stone-cache model reformulates the basic assumptions of 
the home-base/central-place foraging models by removing the social focus 
from the concentrations of stones and bones. He has effectively stripped 
modern human behaviors from the home-base idea, leaving the stone-cache 
model as residue. Although the stone-cache model is important for having 
redirected research away from anthropomorphic pitfalls of the home-base 
model, this new formulation nevertheless lacks a clear framework for testing 
its assumptions. 
Tethered Resources Model 
Taylor (1964) originated the term tethered nomadism in reference to 
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landscape use patterns by people relying on resources highly localized in 
their distributions. This model proposes that certain stationary resources, 
such as water sources, shady locales, or lithic source areas, may have served 
as focal points for hominid activities. Moveable resources such as food and 
stone tools would have been brought to these areas and left behind. Repeated 
use of the same areas over time would have caused buildup of refuse. Com-
pared to the home base model, the notion that early sites may be related in 
their positioning to stationary resources shows greater concern for landscape-
use patterns than for socioeconomic factors. 
Attention to landscape utilization has been a common theme in more 
recent investigations of early archaeological site formation (Biumenschine 
1987,1989; Cavallo and Biumenschine 1989; Biumenschine and Masao 1991; 
Kroll 1994). In particular, there has been a focus on interpreting early ar-
chaeological sites relative to their surrounding, with the hypotheses that 
early hominids located their activities near fresh water (Hay 1976; Isaac 
1978a), shade-trees (Kroll and Isaac 1984; Kroll 1994), raw material sources 
(Potts 1988,1991; Toth 1987), or near trees that offered a route of escape 
from terrestrial predators (Biumenschine and Masao 1991). 
By linking early hominid activities to particular environmental con-
texts, rather than simply the behavioral correlates that themselves are sub-
ject to controversy and speculation, researchers have expanded the scope of 
evidence that can be brought to bear on the interpretations of these early 
archaeological sites. By collecting data on the distribution of resources in 
modern ecosystems and the responses of modern fauna to changes in the 
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availability of these resources, we can better evaluate each of these hypoth-
eses. This ecological approach promises a greater degree of testability for the 
various hypotheses by providing a broad framework of analogical reasoning 
based on sedimentologic, isotonic, and palaeogeographic data. In the final 
chapter, I will expand further the notion that the distribution of early ar-
chaeological sites can be linked to stationary resources in the ancient envi-
ronment. 
Dry Season Riparian-Based Scavenger Model 
Blumenschine's (1986a) extensive research on scavenging opportuni-
ties in the Ngorongoro and Serengeti ecosystems led him to propose that 
early hominids would have fared poorly in competition with hyaenas over 
carcasses in open habitats. As a result, and in fight of the habitat preferences 
and less destructive feeding habits of felids as compared to hyaenas, Biumen-
schine (1987:393-394) proposed: 
...it seems probable that a scavenging hominid would have se-
cured most carcasses from within or on the margins of riparian 
woodlands....There would have been little competition from 
scavenging hyenas for these carcasses, from which marrow and 
the brain and head pulps but little flesh could have been pro-
cured. In fact, it can be suggested that the currently unoccupied 
dry-season niche for a riparian-based scavenger capable of ex-
tracting within-bone tissue from larger carcasses was available 
in the Plio/Pleistocene and could well have been occupied by 
hammers tone-wielding hominid denizens of riparian woodlands. 
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In order to test this model, new excavations at Olduvai Gorge (Biumen-
schine and Masao 1991) have been implemented, aimed at determining if 
hominid-related bone accumulations ran be shown to occur more frequently 
in riparian woodland sedimentary contexts. Biumenschine and Masao 
(1991) address hominid landscape-use patterns through the systematic sam-
pling of a single thin clay horizon mapped over a 2 km distance on each side 
of the Main Gorge (i.e., north and south). The preliminary excavations cov-
ered a narrow area of lake margin (based on estimates of the location of the 
lake shore at its lowest level), and sampled an estimated one-fifth of the 
clay's entire lateral area. 
An interesting, although tentatively identified, pattern Biumenschine 
and Masao noted in the in the distribution of excavated materials lies in the 
differences between artifact and bone densities along the perennial lake 
shore (minimum lake level) versus areas over 2 km from the shore. Excava-
tions closer to the shoreline contained more hammerstone-broken mamma-
lian long bones (mammalian Number of Identified Specimens (NISP) was 49) 
than the other samples, leading the authors (1991:457) to the comparison: 
This pattern is consistent with modern observations of lower 
levels of competition among carnivores for ungulate carcasses in 
the near-lake environments surrounding Lake Ndutu in the 
Serengeti (Biumenschine 1987). It suggests that hominids had 
better opportunities to gain access to whole marrow bones 
nearer to the shore of paleo-Lake Olduvai. 
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This statement concurs with Binford's (1981) analysis of the published Oldu-
vai faunal data (M. Leakey 1971) in which he surmises that early hominids 
were only the most marginal of scavengers, and that the Olduvai "living 
floor" sites represent only kill-sites from which hominids scavenged. The 
mode of scavenging used by hominids in this scenario, however, was that of a 
dry-season riparian-based scavenger, as proposed by Biumenschine (1987). 
To properly orient their study in an empirical fashion, one which al-
lows for testing of the traditional "home-base" interpretation of the Olduvai 
Bed I and Lower Bed II Type C Oldowan ("living floor") sites, Biumenschine 
and Masao (1991) submit a null hypothesis. This hypothesis (1991:458) 
directly opposes the home-base model, stating that "...home bases, or repeat-
edly visited focal locations for multiple hominid activities, have not been 
shown to exist during basal Bed II times." They then go on to propose re-
search outcomes that would falsify their null hypothesis. 
First, the authors promote analyses of stable carbon and oxygen iso-
topes in organic carbon and inorganic carbonates taken from soil samples at 
the Olduvai sites (e.g., Sikes 1995). They state that if the results of such 
work indicate that large woody vegetation was supported in the areas imme-
diately around the lake margin (and the living floor" sites), then the null 
hypothesis will be refuted. In other words, they are positing that early homi-
nids organized their activities only in wooded areas. This viewpoint origi-
nates from assessments of the functional anatomy of early Homo by Busman 
and Stem (1982) and of the OH 62 skeleton by Johanson et al. (1987) indicat-
ing that early Homo was rather small-bodied and possibly partially arboreal-
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the implication being that early Homo was not a fully-efficient biped com-
pared to modern H. sapiens. A lack of trees around sites such as HWKE level 
1 (a presumed "living floor) would mean that early hominids would have been 
continuously at risk of predation in that area, or at least unable to escape 
easily, and hence would not have focused their activities there. This interpre-
tation is also expressed by Blumenschine's (1987) proposal of a dry-season 
riparian-based scavenging niche for early hominids which is seriously flawed 
both in its basis on taphonomic research in modern ecosystems very unlike 
the prehistoric environments and with reference to the pertinent archaeologi-
cal database. 
Certain aspects of Biumenschine and Masao's (1991) program of hy-
pothesis testing rely heavily on Blumenschine's (1987) model of an early 
hominid scavenging niche. His model, built upon his documentation of 
hyaena and lion hunting and feeding activities in the Serengeti and Ngoron-
goro ecosystem, takes into account various seasonal factors such as herd 
movements, prey condition, and competition-reducing factors between the 
carnivores such as habitat preferences. A dispersal-dominated system of 
herd movements is posited for Plio-Pleistocene Olduvai and Koobi Fora, much 
like that observed today in Amboseli, Kenya, where ungulate population 
densities vary greatly with the season (wet/dry). High densities of prey dur-
ing the dry season decrease competition over carcasses, whereas low densities 
during the wet season results in high competition and high levels of carcass 
consumption by the primary predator. 
In his evaluation of Blumenschine's (1987) dry-season riparian-based 
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scavenging model, Bunn (1987:395) dissents on the grounds that it is not 
supported by the faunal evidence from early sites: 
The bone assemblages from the major sites contain abundant 
evidence for utilization by hominids of Size 3 [250-750 lbs] car-
casses for marrow...and for meat (cut marks indicative of sys-
tematic skinning, dismemberment, and defleshing)....The de-
fleshing cut marks argue against acquisition and utilization by 
hominids of previously defleshed carcasses and against the sites' 
being Zate-dry-season accumulations, when fat-depleted car-
casses could not have been used effectively as a source of meat 
(Speth 1987) [original emphasis]. 
Bunn assesses the Koobi Fora Karari sites as "predominantly wet-season," 
because of their distance from the lake margin (15-25 km), and the presence 
of water-dependent species in the faunal assemblages. 
Determining whether sites occurred in more wooded microhabitats (via 
carbon and oxygen isotopic evidence and/or sedimentary indications) as op-
posed to marsh or swamp microhabitat is important for environmental recon-
structions, but I do not agree that such data can be used in refutation of the 
hypothesis proposed by the Biumenschine and Masao (1991). The "home-
base" hypothesis is about the identification of "repeatedly visited focal loca-
tions for multiple hominid activities" (Isaac 1978; Kroll 1994). The more 
assumptions tacked on to this hypothesis, such as assumptions regarding 
what is or is not a safe location for a home-base, the more difficult it will be to 
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refute. To some extent, this view also presupposes a lack of predation deter-
rence on the part of the hominids, and it requires that early hominines used 
their environment in a manner resembling that of chimpanzees, rather than 
as hominids which at that time had already undergone significant changes 
with regard to locomotor, dental, and neurological anatomy (Holloway 1973; 
Tobias 1987; Foley and Lee 1991). Although OH 62 indicates that early Homo 
at Olduvai Gorge was small bodied, neurological changes evident in H. 
habilis must have resulted in critical modifications in behavior. Regarding 
the brain size of early Homo, McHenry (1994:82-83) states: 
It also appears that the expansion of absolute brain size with 
the appearance of Homo is beyond what would be expected from 
body size alone. Given the energetic costs of brain-size increase 
(Foley & Lee, 1991; Martin, R. D., 1983; Parker, 1990) this 
remarkable change in relative brain size implies that a major 
alteration in subsistence occurred. 
It is perfectly feasible that certain defensive behaviors on the part of early 
Homo had developed by this time, such as the throwing of projectiles (stones, 
for instance), group cooperation in the defense of carcasses, and even the 
stealing of carcasses from carnivores. There is no reason to believe that Plio/ 
Pleistocene hominids were defenseless against terrestrial predators, even 
chimpanzees have been observed to challenge large carnivores (Hiraiwa-
Hasegawa et al. 1986). As Bunn (1987:396) has so persuasively contended, 
"Were Plio/Pleistocene hominids necessarily too inept to have accomplished 
as much?" 
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I argue that the higher frequency of hammerstone scarred bones in 
near-lake margin areas does not necessarily imply that hominids were con-
fined there by an inability to compete with hyaenas further inland. The 
patterning Biumenschine and Masao (1991) have described from their recent 
excavations could relate to: 1) an overall higher density of carcasses near the 
lakeshore, 2) a hominid competitive edge in obtaining carcasses near the 
lakeshore, and/or 3) simply better preservation of carcasses in lakeshore 
contexts, including those utilized by hominids. It may be that hominids 
focused on the lake margin areas because of the greater probability of finding 
resources there, including fresh water and a greater diversity of fauna to 
provide both hunted and scavenged resources. This proposition will be exam-
ined more fully in the final chapter. 
CONCLUSION 
Interpretations of early archaeological site formation have come a long 
way since the home-base model was accepted as the standard filter for view-
ing the record for early hominid evolution. More common today are ecologi-
cally-oriented models of early hominid behavior, including an emphasis on 
land-use and resource distribution. In effect, researchers have turned the 
questions around, and instead of simply searching for the earliest signs of 
modern human behavior, we are asking what were the conditions that 
brought about those behaviors. Early hominids are viewed now as part of the 
ecosystem in which they evolved rather than an exile from Nature, as we 
today commonly see ourselves. As Landau et al. (1982:508) so aptly surmise, 
"Human ancestors are looking less like humans and more like other mam-
mals these days." 
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The emphasis on resource distribution, as seen in the tethered re-
sources model and related models, links early hominid activities with envi-
ronmental conditions and the behaviors and ecological constraints of other 
species. The value of this approach is in providing a greater degree of test-
ability, and therefore solid empirical bases to interpretations. The added 
benefit is that this approach more fully renders the image of the ecosystems 
in which early hominid evolution took place, painting in the interspecific 
interactions that defined the hominid niche not with broad strokes, but with 
fine details of diet, habitat use, and competition. 
It is widely recognized today by researchers interested in the evolution 
of human behavior that assessing early hominid subsistence is a complex 
task burdened by the need to unravel the formation histories of the few ar-
chaeological sites upon which paleoanthropology has placed the most em-
phasis (see for example, Potts 1988). What appeared originally to workers as 
clear-cut evidence of early hominid activities, sites with varying concentra-
tions of stone tools and animal bones, are now receiving closer scrutiny for 
evidence that the stone tools are indeed behaviorally linked to the bones 
present. Archaeological taphonomy has begun an inquest into the old as-
sumptions regarding the integrity of early archaeological sites and the inter-
pretations with which workers once painted such elegant panoramas of early 
hominid lifestyle. Palaeolithic archaeology has, with its present appreciation 
of the complexities of site formation processes, taken a self-conscience step 
toward understanding its database in the most basic way possible. 
Experimental studies have led the way in attempting to define, 
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through the application of uniformitarian principles and explicitly stated 
assumptions, what we know, what we can know, and what is, for the most 
part, impossible to determine with the known evidence. It has attempted to 
provide a set of models for site formation histories and testable hypotheses 
for the examination of specific subsistence strategies, for particular types of 
bone damage, and for various bone and stone tool assemblage patterns. To 
this end, the "atomistic" approach of taphonomic research is providing a solid 
base upon which archaeology and paleoanthropology can build a firm, em-
pirically derived understanding of archaeological assemblages, and a reason-
able means for testing models of early hominid behavioral evolution. 
This study of the taphonomic processes affecting aquatic reptile re-
mains can significantly contribute to an evaluation of the models presented 
here by increasing our understanding of the ancient lake ecosystem at Oldu-
vai. It offers a means of addressing the presence and nature of aquatic rep-
tile remains at a number of important Bed I and II archaeological sites and 
examines the potential contributions of these animals to the diet of early 
Homo and the implications that their utilization would have had for homi-
nines living in a seasonal environment. The following chapters introduce the 
reader to the methodologies used in the taphonomic study, and to the actual-
istic database that comprises the foundation for the interpretations of the 
Olduvai assemblages. In light of the findings offered by this study, a revalu-
ation of the models presented here will be discussed in the final chapter. 
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CHAPTER THREE 
ZOOARCHAEOLOGICAL METHODS 
A man should keep his little brain attic stocked with 
all the furniture that he is likely to use, and the rest 
he can put away in the lumber room of his library, 
where he can get it if he wants it. 
—Sir Arthur Conan Doyle, Five Orange Pips 
FAUNAL ANALYSIS AND TAPHONOMY 
Faunal analysis, that is, the study of animal remains, is a discipline 
with many faces, each with its own goals, philosophies and interpretive 
frameworks. Although the field is unified in the study of animal remains, the 
great diversity within it stems from the wide variety represented by biotic 
communities available for study (e.g., terrestrial versus aquatic, montane 
versus desert), differing geographical and temporal research focuses (e.g., 
South America versus Africa, Pleistocene versus historic), and very impor-
tantly, the theoretical paradigm of individual researchers, whether oriented 
toward behavioral reconstructions of humans or human ancestors, or more 
toward environmental reconstruction and biogeography. Zooarchaeology, an 
area concerned primarily with human behavior, grew out of palaeoecological 
and zoological studies that were concerned with environmental reconstruc-
tion. As related to palaeoanthropological problems, zooarchaeological re-
search still identifies greatly with its palaeontological foundations, a bond 
formed from its necessary reliance on taphonomic methodologies as a means 
of teasing apart the complex formation histories of many early archaeological 
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sites. 
The term "taphonomy" was originally coined by the Russian palaeon-
tologist Efremov (1940:85) as "the study of the transition (in all its details) of 
animal remains from the biosphere into the lithosphere," the name deriving 
from the Greek words taphos (grave), and nomos (laws). While the subject 
matter of taphonomy was not new with Efremov's naming, the label became 
favored once his article was discovered by American researchers. For decades 
before the word "taphonomy" was offered up and for some decades afterwards 
such studies were the concern mostly of German palaeontologists (e.g., Abel 
1912; Hecht 1933; Muller 1951; Schafer 1972), many of whom were active 
aktuopaldontologie, studies emphasizing observation of preservational pro-
cesses in modern contexts (Abel 1927; Weigelt 1927). These investigations 
were concerned with deciphering the formation histories of fossil beds and 
describing in detail modern environmental processes that contribute to pres-
ervation and destruction of animal remains. The findings were well-docu-
mented and widely applicable, albeit less accessible to non-Germans. 
English-speaking palaeontologists did not fully embrace palaeoecologi-
cal and taphonomic goals as their own until the 1960s, with the most defini-
tive research (i.e., experimentation and actualistic studies) being introduced 
by vertebrate palaeontology (Gifford 1981). As Gifford (1981:477-480) sur-
mises, the growth of what she calls the "anthropocentric school of paleoeco-
logical and taphonomic research" during the late 1960s can be credited to 
certain vertebrate palaeontologists who were interested in hominid evolution 
and palaeoecology (for example, Bishop 1971; Behrensmeyer 1975,1978; 
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Behrensmeyer et al. 1979; Behrensmeyer and Dechant-Boaz 1980; Behrensm-
eyer and Hill 1980; Brain 1967,1969,1974,1981; Hill 1975,1979,1980). 
Field studies examining the nature of modern faunal assemblages relative to 
the proximal living communities, such as Hill's (1975) and Behrensmeyer's 
(Behrensmeyer et al. 1979), and experimental research such as Brain's (1981) 
studies of differential survivorship of bone assemblages, reshaped the scope 
of palaeoanthropological research by making taphonomic analysis of archaeo-
logical and palaeontological sites part and parcel of site survey and excava-
tion. 
Even with this influx of taphonomic methodologies, analysis of ar-
chaeological faunal materials were, until more recently, frequently performed 
by palaeontologists specializing in certain taxa (Auffenberg 1981; Greenwood 
and Todd 1970; Vrba 1975,1980) and as a result, little, if any discussion is 
given to such factors as differential survivorship among elements, body size 
classes, et cetera, or even analytical considerations such as quantification 
methods. Faunal analyses aimed at elucidating hominid palaeoecology can-
not rely solely on minimal assessments such as the presence or absence of 
certain taxa or even numbers of specimens per taxon, but require more far 
reaching investigations into the taphonomic histories of faunal assemblages, 
including quantitative analyses of skeletal part representation, analogically-
based models of the survivability of faunal materials under varying accumu-
lation contexts, including seasonality and how it relates to carcass availabil-
ity, carcass condition, and the hunting and scavenging activities of carnivores 
and humans. 
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Taphonomic research encompasses investigations ranging across a 
spectrum of processes beginning with perimortem conditions through burial 
and on to sampling of the fossil record during survey and excavation. 
Behrensmeyer (1991:293) outlines the basic components of taphonomic re-
search, stressing that interpretations of bone assemblages are "only as reli-
able as the descriptive data and primary inferences upon which they are 
built...." The flowchart (Fig. 3.1) illustrates the many stages of taphonomic 
analysis, and the role of actualistic research in exploring the reliability of 
inferences and in forming new models or evaluating old ones. Actualistic 
research includes the use of analogs for determining relationships among 
processes and particular outcomes, and may take the form of experiments set 
up to mimic natural accumulation contexts (Brain 1974,1981; Marean et al. 
1992). The data derived from the study of Recent systems allow for the iden-
tification of certain types of material patterning with particular environmen-
tal and behavioral agents. Comparison of the actualistic data to the tapho-
nomic and sedimentary characteristics of the fossil accumulation permits the 
reconstruction of other parameters not directly measurable from the archaeo-
logical data. Examples of this include inferences of hydraulic flow velocity 
from bone size sorting and surficial damage features in channel deposits, 
evidence for hunting strategies or season of occupation from the age structure 
of fossil faunal assemblages, and evidence of carcass utilization by carnivores 
and hominids from surficial damage and skeletal part profiles. 
Actualistic data also inform us of the bases and strengths of the fossil 
data by highlighting problems of "equifinality" (Lyman 1987), that is, pat-
terning that can be caused by more than one agent or process. Behrensmeyer 
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et al. (1986) showed, for instance, that trampling marks often take the ap-
pearance of cutmarks, and so anatomical positioning of surficial damage 
features must play a role in their interpretation. 
Our models of early hominid palaeoecology both derive from and feed 
back into our assessments of archaeological data, since as greater under-
standing of the early archaeological assemblages is achieved, questions we 
ask of the record may require reevaluation. The hunting issue discussed in 
Chapter Two is a prime example of how this interchange between recognition 
of the biases in the record affects the inferences we draw from it. For many 
years, taphonomic research has focused on large mammals remains in Recent 
systems in order to interpret the presence of large mammal remains at early 
archaeological sites. If we simply ask the question, "What other meat re-
sources were available to early hominids?", then a reevaluation of our infer-
ences of early hominid diet becomes necessary. We can then see that our 
present inferences are biased toward the most archaeologically visible and 
biostratigrapbically significant remains (Casteel 1972; Guthrie 1968), and 
remedy the matter by redesigning excavation techniques to increase the 
recovery of small-bodied animals, and by including other fauna in taphonomic 
and ethnoarchaeological research aimed at understanding the formation 
histories of early sites. 
Zooarchaeology is primarily concerned with the interpretation of hu-
man behavior and the relationship that humans have with their environ-
ment. In paleoanthropology, zooarchaeological studies aim to describe hu-
man subsistence behavior in evolutionary terms with respect to issues such 
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the origins of meat and marrow utilization, the origins and evolution of hunt-
ing, and the potential significance of scavenging in the hominid quest for 
animal tissues. It is widely held that many of the anatomical and behavioral 
hallmarks of the Hominidae, such as bipedalism, tool-use, tool-making, de-
creased birth-spacing, and the enlargement of the neocortex, to name a few, 
all relate in some manner to the expansion of a hominid out of the ancestral 
hominoid forested habitats and into the more wide-open, varied mosaic grass-
lands that appeared during the Miocene (Hill and Ward 1988). Without a 
doubt, this shift in habitat, from an arboreal, forested environment to a ter-
restrial, open country environment must have brought about a concomitant 
shift in the subsistence base of early hominids. One means by which certain 
Plio-Pleistocene hominids guaranteed, so-to-speak, their evolutionary success 
may have been in a tendency toward dietary plasticity, a generalist disposi-
tion conferring advantage not only in their new surroundings, but also in the 
environments their ancestors would colonize during the next few million 
years. 
Underlying these interesting issues of hominid subsistence is the 
actual analysis of the faunal materials. Unlike archaeological sites in caves, 
rock shelters, and where the inhabitants made use of garbage pits, early 
open-air sites, such as at Olduvai Gorge, frequently lack clear, unambiguous 
evidence for hominid involvement in the accumulation of faunal remains, and 
it is reasonable to assume that a variety of natural and behavioral processes 
contributed to their accumulation. The presence of stone tools is the single 
most important criterion for definition of an archaeological site—the presence 
of animal remains is secondary, and in fact, at early open-air sites faunal 
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materials can never be assumed to be "archaeological" in origin. 
In order to assess the contribution of hominids to the accumulation of 
the crocodilian and turtle remains at the Olduvai "living floor" sites DK, FLK 
NN Level 1-3, and MNK Skull, I have employed standard qualitative and 
quantitative methods, augmented by data derived from actualistic studies of 
assemblage formation processes and utilizing both uniformitarian principles 
and explicit analogical reasoning. The remainder of this chapter outlines the 
basic quantitative and qualitative methods used in the description of the 
archaeological and modern, actualistic materials, their background, and the 
manner in which they have been employed here. 
In this study, the term specimen refers to any fragment of bone or tooth 
and whole bones. Element, in contrast, refers only to whole bones, such as a 
humerus or a suprapygal. Two special cases, the entire jaw and (separately) 
the entire cranium of turtles and crocodilians are each referred to as ele-
ments. Particularly in crocodiles, the sutures between the articulated bones 
(e.g., in the crocodile jaw, the paired articulars, dentaries, splenials, coro-
noids, angulars, and supraangulars) may or may not close completely and as 
a result, the individual bones may or may not separate after death. While 
the turtle cranium and jaw do not tend to disintegrate into individual bones, 
they still remain a special case since they are, in fact composed of many 
bones. During the field study and during the museum analysis, i t became 
clear that identifying the entire crocodilian cranium, as well as the turtle and 
crocodilian jaws as whole elements, was analytically more reasonable than 
accounting for every element within these compound structures, since they 
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more often than not occurred as completely fused units1. The shells of the 
turtles, Trionyx and Pelusios, have been identified as to bone. The bones of 
the shells of each genus are easily identified (e.g., pleural, peripheral, ento-
plastron), and even when very fragmented, can usually be identified as to 
either deriving from the carapace or plastron, although very small fragments 
were often only identified as shell. 
QUANTIFICATION 
As Lyman (1994) discusses, the number of quantification units (e.g., 
Number of Identified Specimens, Minimum Number of Individuals) used by 
various researchers has grown tremendously within the last 15 years. 
Casteel and Grayson (1977) compiled a list of 57 quantitative terms in use at 
that time, but having found 74 definitions, they showed there was some 
disagreement as to how these terms were defined by different workers. 
Lyman's (1994) remarkable duplication of their study found, 15 years later, 
112 terms with 122 different definitions. Many workers use different terms 
for units measuring the same property, and others define the units of the 
same name in a different manner. Confusion and incomparability has been 
the outcome. The critical lesson Lyman (1994) so cogently argues is that any 
researcher should not only state the units he or she is using, but explicitly 
demonstrate how the units are operationalized. The following section out-
lines the units used in this study, and although it is not intended as an ex-
haustive overview of quantitative methods, it does include brief discussions of 
1
 The crocodilian skull consists of over 17 paired bones, plus a number of singular bones and 
teeth; the jaw consists of 5 paired bones, plus teeth. 
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the background of particular terms and their history of use, and evaluates 
their usefulness to the present study. 
Number of Identified Specimens 
The roughest, most basic method of quantifying faunal materials is the 
Number of Identified Specimens (NISP). It distinguishes itself as the high-
end estimate, by which the specimen is the unit of analysis. Many reports of 
faunal materials, particularly in early studies or where the researcher has 
little experience with the taxa involved, use NISP as the sole measure of 
taxonomic abundance. Grayson's (1984) comprehensive evaluation of NISP 
as descriptor of faunal assemblages pointed to a variety of mathematical, 
inductive, and analytical errors produced by its incorrect use. With regards 
to using NISP as a relative measure of taxonomic abundance, problems may 
arise if the entire assemblage consists of only two taxa. By default, increases 
in one taxon produce apparent reduction in the other, since the two represent 
a whole of one hundred percent. Inductive errors arise from assuming that 
changes in NISP over time, say between adjacent components of a single 
archaeological site, can be attributed to changes in human activities with 
respect to the taxa being examined. Butchery practices, transport practices, 
the activities of dogs or other scavengers, as well as taxonomic differences in 
anatomy may affect the number of identified specimens that eventually 
become part of the archaeological record. 
Not all taxa are butchered in the same manner, nor are all elements of 
the same taxon treated equally. The smashing of crania to remove brains, or 
longbones to remove marrow, will increase the NISP for that taxon by the 
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creation of many more identifiable specimens. Some animals, such as turtles 
with their shells and fish with their many spines, scales, and vertebrae, may 
produce a great many more identifiable fragments per individual than other 
vertebrates of similar size. Once an animal is butchered, only the more 
economically valuable parts of an animal may be brought to a habitation site, 
particularly if the animal is large (Daly 1969; Binford 1978; White 1953). 
Small-bodied taxa, on the other hand, may be brought to the habitation site 
whole to be butchered there. Therefore, some individuals may be represented 
by numerous elements, say the whole skeleton, while others are represented 
by only a few elements. The estimate of abundance provided by NISP does 
not take this factor, interdependence of elements, into account. An animal 
represented by the whole skeleton will appear to be economically important, 
or at least more abundant, than one represented by a few elements. This 
failure of NISP to assess interdependence prohibits the use of statistical 
methods in analyses of NISP values (Grayson 1973). After the bones become 
refuse, people may treat elements or fragments differently based on their size 
or shape—with large bones being tossed away from living areas, or buried, 
while small elements may tossed in hearths, or trampled into soft substrates. 
Even after the bones are discarded by humans, dogs, birds, and other scaven-
gers may destroy or carry off the refuse. 
Yet another source of error arises from differential survivorship of 
elements. The size, shape and internal structure of elements affects how well 
they withstand weathering, compaction, erosion, and their hydrodynamic 
behavior. Voorhies (1969), Behrensmeyer (1975), Binford and Bertram 
(1977), and Lyman (1984) have all addressed the question of bone "density" 
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and how it affects survivorship. Size and shape of bones also affect how the 
bone responds to trampling on a soft substrate. Small bones in sandy sub-
strate have been shown to become buried rather quickly when trod on (Gif-
ford and Behrensmeyer 1977). Larger elements may break when trampled, 
rather than become buried. Bones that do become buried usually weather 
more slowly than bones left on the surface (Behrensmeyer 1978). 
Minimum Number of Individuals 
The estimate Minimum Number of Individuals (MNI) was introduced 
by White (1953) as a means of interpreting the relative dietary importance of 
meat animals as represented at archaeological sites. Today it is used as the 
minimum estimate of sample size, where the individual animal is the unit of 
analysis. In general terms, MNI is estimated by dividing each element count 
by the number of times it occurs in the body and then using the largest of 
these quotients as the Minimum Number of Individuals that contributed to 
the entire sum of elements of that species. Each paired element (right and 
left) is considered separately. The interpretation would be as follows: if the 
most commonly occurring element in an assemblage of 200 bones is the right 
humerus, say of which there are 5, then at least five individuals contributed 
to the total number of 200 bones. The most basic MNI formulation is: 
MNI=max(R,L) 
where max (R, L) is the maximum value of right or left elements (i.e., which-
ever is most numerous). A more rigorous method for estimating MNI has 
been offered by Chaplin (1971) in which: 
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MNI = R + L - Pairs 
Where all rights and lefts are first matched can result in a higher number 
than the basic method used by White. For instance, in an assemblage con-
taining 5 right humeri and 3 left humeri, where 2 rights can be shown to 
closely match 2 respective lefts, the MNI estimate would have a value of 6. 
The contributing bones consist of the 2 matched pairs, plus the unmatched 
elements of both sides. Hence, 
MNI = 5 + 3-2 
Yet another, more involved method by Bokonyi (1970) requires aging all 
individual elements by sorting them into rough age groups (i.e., juvenile, 
subadult, adult, and mature-senile), then into subgroups according to overall 
size or stature (small, medium, or large), and finally estimating MNI for each 
subgroup employing White's method. The MNI estimates for each subgroup 
are then summed to estimate the entire sample. 
The Lincoln Index presents yet another formula for estimating MNI. 
This index derives from statistics used in recapture studies in population 
biology. A natural population is sampled by live trapping. The captured 
individuals (Si), representing a proportion of the total population (N), are 
marked and released. At a later date, the population is resampled (S2). It is 
expected that a certain proportions of the previously marked individuals will 
be recaptured (M/S2), the rest being individuals not caught before. The 
number of individuals in the first sample and the number recaptured can be 
used to estimate the total sample size, where: 
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XT Six 82 
N =
 ~ M ~ 
Fieller and Turner (1982) demonstrated the usefulness of the Lincoln Index 
in zooarchaeology by showing that the equation can be used to estimate the 
probable number of individuals (PNI), where Si and 82 are equivalent to the 
frequencies of right and left elements, and P, representing matched pairs of 
elements, is equivalent to the recaptured individuals (M): 
PNI ^ 
Overall, this estimate results in a slightly higher estimate than Chaplin's 
method. 
There are a number of criticisms of the use of MNI. The first is that it 
overemphasizes rare taxa, that is, a taxon represented by a total of one speci-
men will have an MNI of one (the absolute minimum), at the same time a 
taxon represented by 300 specimens may also have an MNI of one. Care 
must be taken, therefore, in reporting such values, and the reporting of both 
MNI and NISP is recommended (Grayson 1984; Klein and Cruz-Uribe 1984). 
The relationship between these two measures is complex and dependent on 
many behavioral and taphonomic factors, such as the butchering patterns 
employed on different taxa, differences in the numbers of elements present in 
various taxa, the effects of transport on the assemblage (small-bodied game 
are brought to camp intact, but large-bodied game are butchered at the kill 
site and only meaty elements are returned to camp), as well as the suscepti-
bility of remains to fluvial transport and compaction. 
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Another, and perhaps the most fundamental criticism of MNI esti-
mates, is that values are highly susceptible to the method of aggregation used 
by the analyst. This property is important when analyzing materials from a 
site that has been excavated by artificial levels, such as in 5 centimeter units, 
or by pit features. If faunal materials are aggregated by these units, rather 
than by the site as a whole, or by component, then MNI values will be exag-
gerated (Grayson 1984; Brewer 1992). A single animal whose bones were 
deposited in different pits, for example, will contribute to the MNI values for 
each pit, thereby increasing the overall MNI value for that taxon by the 
number of pits involved. Aggregating all the faunal remains across a site into 
a single sample obviates this problem. 
Minimum Number of Elements 
Minimum number of elements (MNE) is an estimate of the number of 
skeletal elements per taxon and requires the observer to determine how 
many elements of a particular kind can account for the total number of speci-
mens attributable to that element. In my analyses, MNE values represent 
the minimum estimate of whole elements, rather than portions of elements. 
This is the same use of MNE used by Binford (1984), Bunn (1986), and Bunn 
and Kroll (1986). Vertebra MNE values are for the different segments of the 
vertebral column (cervical, dorsal, caudal). To demonstrate, the following list 
of specimens is described below in terms of MNE: 
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Count Side Portion Element 
3 
1 
2 
3 
2 
right 
left 
left 
right 
left 
diaphysis 
diaphysis 
100% 
distal epiphysis 
distal epiphysis 
tibia 
tibia 
tibia 
tibia 
tibia 
Using only the information in the table, but not visual matching of speci-
mens, a total of seven tibiae can be shown to account for all the specimens. 
The groupings of specimens consists of three right diaphyses plus the three 
right distal epiphyses, one left diaphysis plus left distal epiphysis, 2 whole 
left tibiae, and one left distal epiphysis. In my analysis of crocodiles and 
turtles, it was very rare for longbone shafts to be broken to any great extent. 
Unlike mammals, reptiles in general have narrow medullary cavities and it 
seems therefore somewhat unprofitable for any consumer to attempt to break 
them open. There were a few archaeological/palaeontological diaphyses that 
were broken, and a few modern specimens showed spiral fractures, but for 
the most part, shafts were intact. Because of this, the figuring of MNE val-
ues was very straightforward and did not involve the complex methodology 
proposed by Marean and Spencer (1991) for ungulate shaft fragments. The 
most difficult aspect of this study, however, was estimating MNE for Pelusios 
and Trionyx shell fragments. Particularly with regard to the Olduvai materi-
als, shell often was quite fragmented, although frequently identifiable to 
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element, but such that estimating percent-represented was difficult. Thus, 
MNE values for all shell elements are probably severely underestimated, 
since shell may break up into very small pieces without identifying land-
marks, such as the original margins. Therefore, excluded from these counts 
are all fragments not identifiable to element. 
The value of MNE lies in the assumption that in many instances whole 
animals are not transported to the feeding locale, whether it be a denning 
site or a home-base. Instead, disarticulated segments are removed from the 
kill area and carried to a feeding site. In cases where the whole animal is 
represented, the frequencies of elements (MNE values) should be equivalent 
to those in a whole animal. Lyman (1994) points out that the use of MNE has 
grown as researchers have acknowledged the importance of addressing tapho-
nomic processes in zooarchaeological interpretations. Aside from touting its 
taphonomic usefulness, Lyman (1994) argues that MNE is nonetheless prone 
to the same biases as MNI, that is, the values are affected by aggregation 
methods used by the analyst. 
Minimum Animal Units 
Another taphonomic measure is Minimum Animal Units (MAU) (Bin-
ford 1984). This measure was introduced as a means of examining differen-
tial treatment of carcass units, that is, how humans butcher and transport 
the meaty versus non-meaty portions of a carcass. The term unit means the 
set of articulated elements that are dismembered together. Individual factors 
(sex, age, size) are not used in determining this MAU, nor are considerations 
of left versus right. Binford (1984) distinctly discounted these factors on the 
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basis that hunters are not concerned with, say, the side from which a unit 
derives, but rather with the unit itself, whether it be a fore- or hind-limb, or a 
segment of ribs. MAU values are estimated using the following formula 
(Lyman 1994): 
MNEe 
number of times
 e occurs in one complete skeleton 
where e is the element (unit) being considered. 
If the unit consists of multiple elements, such as the whole manus, 
then the formula is somewhat more complex, but essentially just a summa-
tion of the MNE for each element included in the unit: 
MNE j + MNE j + MNE k... 
Hnumber of times i, j . k... occur in one complete skeleton) 
where i , i L are the elements that together constitute the unit being consid-
ered. 
What actually constitutes a unit depends on the particular contexts 
involved, including, but not limited to, the ethnic identity of the butcher, the 
prey taxon, prey size, and distance from the feeding locale. As Binford 
(1981:91) explains: 
Man using tools is capable of actually taking an animal 
apart to suit his purposes. That is, he is not dependent on the 
natural strengths of the articulations and the amounts of con-
nective tissue to separate parts that then may be differentially 
used or consumed, as in the case with predator-scavengers....The 
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point is that the particular anatomical sets that man manipu-
lates are conditioned by how he dismembers a carcass, which in 
turn is conditioned by its intended use. 
Comparing his own field data on butchering of ungulate carcasses (Binford 
1978; Binford and Bertram 1977) to that collected by Yellen (1977a, 1977b) 
for !Kung San, and by Gifford (1977) for four African groups, Binford (1984) 
fists some commonalties in the dismemberment patterns, including: separa-
tion of the neck and head between the occipital condyle and the atlas, separa-
tion of the cervical vertebra from the rest of the spine, and separation of the 
front- and hind-limbs from the axial skeleton. The units created by these 
butchering techniques (i.e., the cervical spine versus the thoracic/lumbar 
spine) are the focus of studies comparing human to large carnivore utilization 
of carcasses. 
As a means of comparing different sized assemblages, Binford (1981, 
1984) standardizes his MAU values using the greatest MAU value in each 
assemblage as the divisor (%MAU). Another means of standardizing MAU 
values is discussed below. 
Percent Minimum Number of Individuals 
The final measure to be discussed here is Percent Minimum Number of 
Individuals (%MNI). This estimate was introduced by Biumenschine 
(1989:354), where he describes it as "an expression of the proportion of total 
individuals represented by a particular skeletal element." This form of 
%MNI should not be confused with White's (1954,1955,1956) normed MNI 
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values in which he standardized MNI values by the maximum MNI value for 
the sample. Percent MNI, as used by Biumenschine (1989), is a standardized 
form of MAU, allowing for comparisons of different sized samples and using 
the total MNI value. Instead of norming by the maximum MAU value (as in 
Binford 1981,1984), each MAU is divided by the MNI represented in each 
sample (i.e., for a single taxon from a single site or sample), and the value is 
represented as a percentage. The equation for %MNI is as follows: 
MNE
 e •*• number of times e occurs in the complete skeleton * 
Minimum Number of Individuals 
or, more simply: 
MAU 
* 100 MNI 
In a sample of crocodile remains having 4 humeri (MNE = 4), and an MNI of 
3, the %MNI value for humeri would be read as "67% of the individuals 
present were represented by humeri" ( = [(4 -e- 2) -5- 3] 100) The %MAU values 
for an entire crocodile skeleton would therefore all equal 100%. 
Evaluating Quantification Methods 
An interesting assessment of the application of these various measures 
of abundance has been offered by Badgley (1986). It is her opinion that ap-
propriate measures should be chosen on the basis of the taphonomic history 
of the assemblage; in her words, "there is no universally correct method of 
quantification" (Badgley 1986:328). This presents rather direct contrast to 
numerous contributions evaluating the overall merits of particular methods 
over others (see for example, Grayson 1984; Klein and Cruz-Uribe 1984; 
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Ringrose 1993; Winder 1991). Justification for using one measure over an-
other, says Badgley, should be based on estimates of the probability of asso-
ciation (p (A)), that is, the probability that different specimens in an assem-
blage derive from the same individuals. In analyses of assemblages with low 
probability of association (p (A) = 0), NISP is sufficient for measuring relative 
abundances of the taxa present. 
For example, where fluvial processes can be shown to have played a 
major role, it may be reasonably assumed the association between specimens 
is low, resulting from the dispersal of remains by water flow. In channel 
deposits, frequently it can be shown that an assemblage represents episodes 
of heavy mixing, with specimens deriving from previously buried specimens 
reworked from channel walls and floors, and from active input of weathered 
and more fresh remains from surrounding land surfaces. The taphonomic 
contexts of other assemblages, such as catastrophic deaths, when in relatively 
pristine condition, have higher probability of association (p (A) = 1). Under 
such conditions, it is more reasonable to apply the measure Minimum Num-
ber of Individuals. The intermediate condition, where 0 > p (A) < 1, is illus-
trated by hyaena denning sites and sometimes human campsites, where only 
parts of carcasses are brought—association between at least some, but not 
necessarily all, of the specimens can be assumed. In this latter situation, 
Minimum Number of Elements (MNE) is an appropriate measure to employ. 
Badgley (1986) bases her criteria on study of the middle Miocene Siwa-
lik deposits of Pakistan, in which no hominid activities are deemed to have 
operated in assemblage formation. As such, she can safely ascribe causes of 
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mortality and transport to large carnivores, for example, high concentrations 
of many individuals in spatially restricted assemblages without clear evi-
dence for passive transport (i.e., assemblages with little hydraulic equiva-
lence among specimens). In addition to this evidence for focal areas for pre-
dation, she also cites the high frequency of juvenile remains as indicative of 
active transport of remains, such as carried out by predators that favor juve-
nile prey. 
Clearly, advocating the use of NISP in assemblages with clear sedi-
mentological indications of fluvial transport is valid. Arguments for use of 
MNI versus MNE are far less convincing, since, in cases of Plio-Pleistocene 
archaeological faunal assemblages, the debate is often centered around the 
possible contribution of hominids versus other predators, and more precisely, 
if hominid activities can be inferred, the nature of hominid meat-procurement 
strategies. As a result, questions aim at determining whether entire animals 
are represented, as opposed to just portions of carcasses. The taphonomic 
character of these assemblages is the subject of investigation with the em-
ployed measure of abundance as the research tool, not vice versa. Nonethe-
less, quantification is a basic part of assemblage description and it does per-
form a significant role in the comparative analysis of assemblages formed 
through the varying involvement of different taphonomic processes. The 
importance of qualitative assessments of faunal assemblages therefore comes 
into play, such as evidence for fluvial transport, abrasion or rounding of 
specimens, the over-representation or under-representation of elements of 
particular densities (e.g., high tooth to vertebra ratios), sedimentological 
evidence for the mixing of object size classes, and evidence of carnivore activi-
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ties, such as gnawed specimens. The interaction between the qualitative and 
quantitative aspects of taphonomic analysis is broadly recursive, requiring 
both, and each depending on the other. 
QUALITATIVE DESCRIPTIONS 
Much of the more recent taphonomic research (since the 1960s) con-
cerns the description of processes that damage bone, including animate 
agents such as carnivores, rodents, or humans who damage bone during 
feeding or consume the tissue itself, or inanimate processes such as weather-
ing, plant root acids, and hydraulic transport. The identification of the par-
ticular ways in which these actors affect bone tissue has been the subject of 
numerous experimental and actualistic studies. Focus has also been directed 
at better understanding the anatomy and physiology of different taxa as a 
means of addressing the nature of carnivore utilization of carcasses and the 
feeding opportunities presented by carcasses from the time of death until 
complete skeletonization. Investigations of this nature include descriptions 
of carcass-utilization sequences for humans and large carnivores, bone den-
sity studies, and weathering. 
Carnivore-Specific Damage Patterns 
Some diagnostic criteria for identifying bone damage attributable to 
specific carnivore taxa are outlined by Haynes (1983). Through experimental 
feedings of large zoo carnivores (cats, canids, bears, and hyaenas) and obser-
vations of these animals in the wild, Haynes describes damage categories and 
also details like average size of tooth scrapes and punctures and average 
fragment size produced by each taxa. Three categories of damage Haynes 
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posits as firmly differentiating modification inflicted by the above animals 
are 1) tooth marking on compact bone (i.e., long bone shafts), 2) ground-off 
versus bitten-off bony prominences, and 3) the shape of tooth impressions left 
in cancellous bone tissue. While some overlap exists between taxa in certain 
categories, each carnivore can be characterized by the suite of modifications 
it inflicts on bone. For example, both canids and hyaenas leave square or 
rectangular tooth marks in soft bone. Again both tend toward biting through 
rather than grinding off bony prominences ( although hyaenas do a bit more 
grinding). The two taxa differ more in that hyaenas are more likely to dam-
age compact bone than are canids which have less powerful masticatory 
capabilities. In contrast to both the canids and hyaenas, felids leave triangu-
lar tooth marks, only grind off prominences, and rarely, if ever, cause any 
modification of compact bone. Large felids as compared to other carnivores of 
the same body size inflict relatively little damage to the skeleton when feed-
ing (Biumenschine 1986a and b; Brain 1981; Haynes 1980,1982,1983; Rich-
ardson 1980). Absence of bone damage is not unusual. In fact, Haynes 
(1980:343) asserts that "Modern carnivore gnawing does not always produce 
identifiable tooth marks on bones. In such cases (which are the rule at many 
kill sites) overall modification of elements is often the only evidence of carni-
vore activity." 
Element-Specific Damage P a t t e r n s 
Understanding that all elements differ in their in their composition of 
compact versus cancellous tissue, researchers have documented how differen-
tial survivorship of elements and element portions can alter a once complete 
carcass so that only dense or hard portions remain after exposure to various 
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destructive agents (e.g., stream action, weathering, animal gnawing). De-
scriptions of element-specific damage inflicted by North American consumers 
(wolf, domestic dog, and bear) are found in Binford (1981) and Haynes (1980, 
1982,1983) and damage by large African carnivores in Hill (1980) and Rich-
ardson (1980). If the carnivore responsible for the damage is determinable 
using the criteria above from Haynes (1983) then it is possible that inferences 
about local ecological conditions can be made by examining the extent of 
damage to particular elements. Haynes (1980:343) describes sequential 
damage to particular elements as "...on moose femora, the greater trochanter 
is always removed before the anterior part of the distal end is severely 
gnawed, and the femoral head is usually removed before the lateral and 
medial condyles are gouged out by gnawing".. It is possible that this level of 
mscrimination may aid in determining the degree of whole carcass utilization 
from examination of just a few critical elements or even fragments (Haynes 
1980). The potential usefulness of such techniques in an archaeological or 
palaeoecological context is obvious. 
General Carcass Utilization Patterns 
Whole carcass utilization patterns have been documented for North 
American (Binford, 1981; Haynes 1980,1983) and African carnivores (Biu-
menschine 1986; Brain 1981; Hill 1980; Richardson 1980). Haynes (1980, 
1983), Hill (1980), and Richardson (1980) have noted that bones which pro-
trude, that is, are only thinly covered with skin, are usually damaged within 
a short time of feeding on newly killed animals. Mandibles, nasal bones, the 
anterior tibial crest, the head of the humerus, the olecranon process, the 
spinous processes of the vertebrae, the sternum and costal cartilages fall into 
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this group. Aside from being easily palpable, these portions all consist mostly 
of cancellous bone tissue and are high in fat or marrow content (i.e., nutri-
tional value). 
Richardson (1980) noted from his field observations of carnivores 
feeding on provisioned carcasses a difference in the degree to which various 
carnivore taxa utilize potentially edible tissues. In order of the most to the 
least destructive (to the total carcass) he lists: hyaenas, lions, leopards, dogs, 
and jackals. Hyaenids have unusually large teeth for their body size, reflect-
ing this family's adaptation to the digestion of bone and bone contents. Other 
carnivores, especially canids, will gnaw on bone and occasionally break open 
weaker ones to get at the marrow. Despite the tendency of felids to avoid 
gnawing bones, lions and leopards generally thought to be more destructive 
to carcasses than are dogs and jackals, due mostly to the former's greater size 
(Bonnichsen 1973; Haynes 1983; Biumenschine 1986;). Because of this, in a 
situation with a newly dead medium sized prey, the cats would presumably 
consume more flesh. In a scavenging situation, however, where much of the 
flesh has removed by earlier feedings, this sequence may become reversed. 
Here, the canids are likely to pursue within-bone resources whereas the cats 
most probably would not. 
Haynes (1982) examined timber wolf (Canis lupus) prey utilization 
patterns in North America. Making use of both observational field studies 
and controlled feeding experiments of captive wolves, Haynes collected data 
on body dismemberment sequences, element-specific damage, order of dam-
age, and element survivorship. Although wolves are seen to prefer bringing 
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down five prey before scavenging, they may scavenge carrion in the winter if 
prey is scarce. Haynes relates wolf hunting/scavenging behavior and sea-
sonal variations in utilization to "ecosystemic stresses" (e.g., pack size, prey 
demographics, prey availability and vulnerability). 
With data from the experiments, Haynes highlights the types of dam-
age wolves inflict on bone—scratching, furrowing, crushing, fracturing, and 
puncturing. He found that utilization of the long bones occurred in a pat-
terned fashion: the epiphyses were first chewed off, then the diaphyses were 
fractured beginning at the end and working toward the shaft. When the 
shaft was opened sufficiently, the marrow could be licked out. This pattern 
was also evident in the field observations of carcass consumption although 
very heavy utilization of within-bone resources or more extensive gnawing is 
more common in captive or den situations. Regardless of the fact that kills 
may be utilized to different degrees, Haynes found that certain elements 
sustain characteristic damage in almost all cases. Bones that protrude in life 
are frequently gnawed on before less prominent parts and hence, damage to 
these latter portions indicate that a kill was fully utilized. Flow charts for 
the feeding sequences of wolf on moose and bison are illustrated (1982: Table 
1) and compare well to sequences for African carnivores described by Biumen-
schine (1986). 
Cutmarks and Butchering 
Miller (1969) was one of the earliest writers to recognize the value of 
using surficial damage to indicate hominid presence and activities when 
artifactual evidence is scarce or nonexistent. Miller (1969), dealing with the 
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problem of early peopling of the New World, noted the superficial similarities 
between tool cut marks and carnivore tooth scratches and the problems 
involved in interpreting low resolution sites. A primary consideration since 
has been to try to distinguish between these two types of damage—a task 
some find especially difficult to do using macroscopic methods (Shipman 
1981; Potts and Shipman 1981). In more recent years, scanning electron 
microscope (SEM) and cross-sectional analyses of bone surface features have 
turned toward morphological criteria (versus locational information as used 
by earlier cut mark analyses—above) to infer specific damage agents. These 
investigations involve analysis of the microscopic damage features found 
within the macroscopically visible damage marks. Walker and Long (1977) 
used cross-sections of cut marks in order to correlate edge characteristics of 
tools and the shape and microscopic damage they inflict. They found that 
cutting implements having smooth edges, such as steel knives or unre-
touched flakes, make clear cuts with no striations contained within them. 
Retouched stone tools have highly irregular edges and hence, cause multiple 
cuts or striations packed closely together within a single, large groove. 
SEM studies by Bunn (1981), Shipman (1981), and Potts and Shipman 
(1981) describe slicing and chopping with a retouched stone tool as generally 
leaving a V-shaped groove (in cross-section) with striations at nadir. Carni-
vore tooth marks, in contrast, leave a U- or V-shaped groove with no stria-
tions. The lack of striations within cut marks made by unretouched stone 
flakes (described by Walker and Long 1977, and Toth 1985) is significant in 
that such damage resembles carnivore tooth scratches even at the micro-
scopic level. Just why marks made by unretouched flakes were not included 
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in Shipman's experiments is very curious, but then Toth (1985) has posited 
that the Oldowan tool kit may actually have been a flake industry as opposed 
to the core-industry originally proposed by Leakey (1971). Other marks such 
as chopping, gnawing, tooth puncturing, and scraping leave more diagnostic 
features that are more easily differentiated from one another. 
The discussion of SEM detected surficial damage to fossils from vari-
ous Olduvai sites by Potts and Shipman (1981) and Shipman (1981) describe 
the frequencies of cut marks and tooth marks on a total of 36 bones, some of 
which are described as "meaty" bones, and others as "non-meaty." Unfortu-
nately, the faunal remains are too fragmentary to offer statements about 
butchering units or sequences. However, of the cut marked bones, 19 in all, 9 
are "non-meaty" and 10 are "meaty" elements. From this the authors suggest 
that hominids may have been utilizing skin, ligaments, tendons or possibly, 
periosteum. Wilson (1982) proposes that the damage to non-meaty parts 
represents skinning only. He posits that the only logical starting place for 
skinning operations would be areas of little flesh but with solidly protruding 
bone. Cutting here would allow penetration of the skin without excessive 
"fouling" of the tool edge. Similar slicing marks on non-meaty elements, 
particularly metapodials, phalanges and the ventral borders of mandibles 
have been noted by others (Guilday et al. 1962; Lyman 1978; Brain 1980; and 
Binford 1981). 
Leakey (1971) has defined a butchering or kill site as one which has 
"artifacts associated with a skeleton of a large mammal or with a group of 
smaller mammals " (p. 258). Using the criterion of tool-bone association, 
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however, leaves one open to misidentify a number of possible archaeological/ 
paleontological associations. Included erroneously in the butchering/kill site 
category would be situations where one finds 1) an animal which died and 
became buried in or near an old living floor (e.g., a mole in a burrow in an 
house floor, or a dead elephant on the margin of a lake bed near a once used 
hominid camp site ) ; as well as 2) fluvial association of tools and bones. 
Likewise, the criterion would wrongly exclude sites where hominids butch-
ered an animal but left no tools, the artifacts either being carried away or 
made of perishable materials. While cut mark analyses first gained respect 
through studies involving "high resolution sites" (Binford 1981)—such as 
recent sites where human involvement is overwhelmingly obvious—the inter-
pretive potential of cut marks has more recently been heralded by research-
ers studying early hominid "low resolution" sites. Using comparison with 
experimentally modified bone and the interpretive criteria set up by the 
earlier cut mark studies, workers have been able to offer inferences of carcass 
utilization by early hominids. 
The earliest example of a clearly defined, systematic analysis of hu-
man cut mark damage patterns from an archaeological data base is Guilday 
et al.'s (1962) study of the faunal remains of a seventeenth century Susqueh-
annok village midden. To carry out their analysis in an organized manner 
Guilday et al. (1962) constructed criteria by which they would recognize 
certain bone damage as resulting from aboriginal butchering practices—these 
criteria have been used by later authors as well (Parmalee 1965; Lyman 
1978). The criteria (Guilday et al. 1962:63) are: 
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(1) repetition in specimen after specimen at precisely the same 
location on the bone; (2) there [is] some anatomically dictated 
reason why a particular mark should occur at any given spot. 
The consistent application of these criteria insures that all taxa are consid-
ered in a similar manner regardless of what the authors know of its particu-
lar morphology or of contemporary or ethnographic butchering practices 
involving the taxa. In other words, only anatomical, not ethnographic or 
even experimental evidence, is considered. The most commonly found butch-
ery marks are described and illustrated using silhouettes of animal skeletons 
and elements. The methodology is mostly descriptive and least of all inter-
pretive. Particular attention is given to general anatomy, such as the loca-
tions of origins and insertions of muscles, but not necessarily to the nutritive 
value of the body parts (meat weights are presented, but do not enter into the 
discussion of butchery practices). In distmguishing between skinning marks 
and butchering or defleshing marks, Guilday et al. (1962) pay less attention 
to the general appearance of damage features (e.g., depth of incision) than to 
the location of the damage. The reasoning here is that the appearance of a 
cut has a greater chance of being idiosyncratic than does its location, varying 
due to the butchering skills of the individual, not to cultural or morphological 
factors, i.e., a more skillful individual may leave fewer, less obvious marks 
where a novice may do extensive damage. An important point brought out by 
the recognition of the skill factor is that butchering does not always leave cut 
damage on the skeleton, so the absence of damage does not necessarily indi-
cate non-utilization. 
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Guilday et al.'s (1962) practice of describing element-specific damage 
leads to evidence for body-part butchering practices, evidence pointing to how 
the head was severed from the neck, or into approximately how many por-
tions the axial skeleton was divided. They do not, however, extrapolate to 
whole-carcass processing sequences as has been done by other authors (cf. 
Prison 1970). Guilday et al.'s (1962) study, dealing with a relatively recent 
site and with data from a relatively well understood type of archaeological 
feature, presents an extremely careful methodology, leaving very little, if 
anything which is not supported by the hard evidence. The failure of Guilday 
et al. (1962) to carry out statistical analyses of the Susquehannok data does 
not detract from the authors' conclusions. Being of a strictly descriptive 
nature rather than interpretive, this seminal paper demonstrates a straight-
forward approach which says quite a bit by not trying to saying too much. 
Binford (1981) provides descriptions of cut mark locations on Nunamiut-
butchered fauna using the same criteria as Guilday et al. (1962). In general, 
the correspondence between the locations of cut marks and of meaty areas or 
joint articulations across cultural boundaries demonstrates the importance of 
considering anatomy during analysis. 
Bone Density and Differential Survivorship 
Bone tissue is made up of collagen, an organic cellular material, laid 
down longitudinally with an inorganic crystalline compound, hydroxyapatite 
(calcium salts) (McLean and Urist 1968). The arrangement among the col-
lagen fibers varies: in some cases they are laid out in a more or less random 
pattern and in others with their long axes parallel. The general structure of 
most elements can be sufficiently described using two main categories of bone 
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tissues: compact and cancellous. The differences in general appearance can 
be attributed to the mechanical properties and strengths of each tissue type 
and consequently to the degree to which each is vascularized (Currey 1984; 
Evans 1973). Compact bone is dense bone containing few blood vessels or 
other soft tissues. Those blood vessels which do occur run parallel to the 
long axis of the bone with only minute spaces running perpendicularly. This 
ordering allows the bone to receive nutrients without compromising its 
strength across its perpendicular planes. Compact tissue is found in areas of 
high compressive stresses such as the shafts of long bones, tarsal bones, and 
metapodials. Cancellous bone, in contrast, is a relatively soft, spongy bone 
tissue with numerous marrow and fat filled trabeculae. It is also served by a 
much greater number of blood vessels than is found in compact bone. 
The architecture of various elements is an important factor in the 
degree to which they are able to withstand compression,torsional, and infre-
quently, tensile forces. The shafts of long bones are hollow tubes composed of 
compact bone and filled with marrow. Conversely, the epiphyses are made up 
of cancellous bone covered with only a thin layer of compact tissue for protec-
tion. This arrangement allows for compression to be absorbed by the softer 
material at the bone ends. The central portion, being buffered from much of 
the force, rigidly supports the body's weight. The regional structural differ-
ences within any one bone (diaphysis versus epiphyses) and variations be-
tween whole elements themselves (clavicle versus metatarsal), create an 
interesting pattern in survivorship rates of these parts. 
Most of the bone survivorship studies have stemmed specifically from 
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debates over the accumulators of the Makapansgat faunal assemblage. Dart 
(1949,1957a, 1957b) argued that the breakage patterns (i.e., spiral fractur-
ing) and element portion representation indicated that australopithecines 
collected the hardest and heaviest bones and modified them for use as weap-
ons and tools. Later reanalyses of the assemblage (Brain 1976,1981; Ship-
man and PhiUips-Conroy 1977) indicate that the accumulation represents a 
natural carnivore lair. In order to document the effects of hominid versus 
carnivore utilization of a carcass, Brain (1976) collected the remains of a 
goat, skinned, disarticulated, defleshed and consumed over a two day period 
by the residents of a Hottentot village. He found that human chewing inflicts 
damage to the epiphyses of bones that is similar (although less severe) to the 
damage inflicted by the Hottentot's domestic dogs. Brain (1976,1981) also 
excavated midden areas into which previous meal remains had been thrown 
by village inhabitants over the years. The initial analysis of the bone accu-
mulation led to an MNI of 190 based on horns (NISP = 2,373). Later it was 
discovered that this MNI value was too high and that the over-representation 
of horns was caused by the extreme aridity of the Kuiseb River environment, 
in which bones tended to disintegrate, artificially elevating the horn to bone 
ratio. 
Moreover, Brain (1976:110) noted that those elements or portions most 
highly represented were those composed of mostly dense, compact bone: "It is 
clear that those parts of the goat skeletons which survive best are the un-
chewable ones." Specific gravity, a standardized index of weight per unit 
volume, shows a high correlation to survivorship (Brain 1976,1981). Thus, 
the Makapansgat assemblage, composed of the more durable (i.e., compact) 
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portions of the skeleton (e.g., mandibles, distal humeri, distal tibiae, metapo-
dials) can be explained as the remains of natural attrition processes. Homi-
nid involvement need not be invoked. 
Lyman's (1984) study of bone density measures supports this basic 
relationship. He found that three different taphonomic analyses (Binford 
and Bertram 1977; Boaz and Behrensmeyer 1976; Brain 1969,1976) based on 
"bone density" measures each produced significantly different results when 
applied to the same data. Each study had used slightly different methods 
and variables to arrive at their "density" values. Lyman found Boaz and 
Behrensmeyer's (1976) "bulk density" to have the most significance to tapho-
nomic studies. Bulk density is a function of not only the solid volume but 
pore space volume as well, and as such, reflects porosity. Pore spaces, by 
adding surface area to an element, permit attritional processes to proceed at 
a faster rate. Comparisons of bulk density values among objects of the same 
substance, as among bones, can be interpreted in terms of relative suscepti-
bility to attrition. This finding supports the generally held assumption that 
cancellous bone tissue erodes more quickly that compact tissue under natural 
conditions and is thereby less likely to be found archaeologically. 
Weather ing 
The primary application of bone weathering characteristics is in esti-
mations of the accumulation period of a bone assemblage, since presumably 
bones deposited at different times (within, say, months of each other) would 
exhibit different degrees of weathering. Bone weathering is defined by 
Behrensmeyer (1978:153) as: 
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...the process by which the original microscopic organic and 
inorganic components of a bone are separated from each other 
and destroyed by physical and chemical agents operating on the 
bone in situ, either on the surface or within the soil zone. 
The first study, to my knowledge, examining bone weathering for use in the 
interpretation of archaeological faunal assemblages was one carried out by 
M. Posnansky in 1958 and described by Isaac (1967). The remains of cattle 
and a juvenile goat were laid out on the ground and protected with mesh 
screen. After seven years, Isaac (1967:40) noted that most of the bones "were 
so cracked and friable that it seems certain that were they exposed to the 
normal accident of animal footfalls, nothing but small fragments would sur-
vive." Bones subjected to the destructive forces of wind, water, and sunlight 
weather and fall apart. Variations in weathering rates exist within and 
between microenvironments. A single bone may weather more slowly on its 
underside, next to the ground, or conversely that side may weather more 
quickly than the upper side. Ground moisture, the presence of plants and 
insects, and soil composition all affect the process. Behrensmeyer (1978) 
discovered that bones from a single carcass weather at varying rates, depend-
ing on the structure of the individual bones and their specific context (e.g., 
buried, shaded). Other factors affecting bone weathering rates include mean 
annual temperature, humidity, the size and age of the animal, and the degree 
to which the bones have been subjected to other processes or conditions. 
Behrensmeyer (1978) was the first to systematically describe mamma-
lian bone weathering processes in a single ecosystem, at Amboseli National 
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Park, Kenya. From this study she produced a provisional 5-stage description 
of the process of bone weathering, with each category grading into the next. 
To date, this scheme is widely employed in taphonomic analyses, and hence 
has perhaps outlived its "provisional" label. In order to facilitate application 
of her categories, Behrensmeyer (1978) established three criteria that must 
be met in categorizing a bone's weathering: first, the stage recorded is the 
most advanced stage witnessed on at least 1 cm2 of the bone's surface; second, 
determinations are made from examination of non-damaged surface (e.g., a 
shaft surface, not a gnawed articular end); and lastly, all observers must 
agree on the same stage. Using these criteria, particularly the first one, it 
becomes fairly simple to categorize bones into the appropriate weathering 
stage, even when the bone shows differences in weathering across its surface, 
such as between the upper and lower (ground-side) surfaces. Behrensmeyer's 
(1978:151) five-stage scheme is as follows: 
Stage 0 Bone surface shows no sign of cracking or flaking 
due to weathering. Usually bone is still greasy, marrow cavities 
contain tissue, skin and muscle/ligament may cover part or all of 
the bone surface. 
Stage 1 Bone shows cracking, normally parallel to the fiber 
structure (e.g., longitudinal in long bones). Articular surfaces 
may show mosaic cracking of covering tissue as well as in the 
bone itself. Fat, skin and other tissue may or may not be 
present. 
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Stage 2 Outermost concentric thin layers of bone show 
flaking, usually associated with cracks, in that the bone edges 
along the cracks tend to separate and flake first. Long thin 
flakes, with one or more sides still attached to the bone, are 
common in the initial part of Stage 2. Deeper and more exten-
sive flaking follows, until most of the outermost bone is gone. 
Crack edges are usually angular in cross-section. Remnants of 
ligaments, cartilage, and skin may be present. 
Stage 3 Bone surface is characterized by patches of rough, 
homogeneously weathered compact bone, resulting in a fibrous 
texture. In these patches, all the external, concentrically lay-
ered bone has been removed. Gradually the patches extend to 
cover the entire bone surface. Weathering does not penetrate 
deeper than 1.0-1.5 mm at this stage, and bone fibers are still 
firmly attached to each other. Crack edges usually are rounded 
in cross-section. Tissue rarely present at this stage. 
Stage 4 The bone surface is coarsely fibrous and rough in 
texture; large and small splinters occur and may be loose enough 
to fall away from the bone when it is moved. Weathering pen-
etrates into inner cavities. Cracks are open and have splintered 
or rounded edges. 
Stage 5 Bone is falling apart in situ, with large splinters 
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lying around what remains of the whole, which is fragile and 
easily broken by moving. Original bone shape may be difficult 
to determine. Cancellous bone usually exposed, when present, 
and may outlast all traces of the former more compact, outer 
parts of the bones. 
Using carcasses with known dates of death and revisiting carcasses 
over two year's time Behrensmeyer was able to associate weathering stages 
with time since death. Her study showed that under favorable conditions a 
large mammal carcass may survive up to 15 years after death. Most fre-
quently, however, bones in her study were seen to weather significantly after 
8 years. Both Behrensmeyer (1978) and Gifford (1981) have made observa-
tions that reptile bone weathers faster than mammalian bone. This is a 
subject my research only partially addresses, but that is part of a longer-term 
aspect of my taphonomic field research at Lake Turkana. 
Despite the fact that Behrensmeyer's weathering scheme followed from 
the examination of large mammal carcasses, I elected to use it in my descrip-
tions of crocodiles and turtles. I found that, for the most part, the categories 
fit the reptiles well, contrary to Behrensmeyer's (1978:153) assertion that 
"Bones of...reptiles...differ from mammals in weathering features." One 
difference I did note in my examination of crocodile long bones in the field 
was the early onset of deep longitudinal cracking, occurring when the bone 
was still free of other weathering features, such as cracking of the outmost 
layers of bone, and in a few instance, even when the bones had been lying 
submerged in lake water and still appeared bloody. This type of pattern was 
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noted by Behrensmeyer (1978:154) "on limb bones only a few days after the 
death of the animal," but she attributed it "to the physical condition of the 
animal before death." In the case of the crocodiles, I would argue that the 
deep cracking may occur from leaching or drying out of the collagen. How 
this may affect rates of weathering is not presently known. 
Except for two carcasses, I have followed Behrensmeyer's (1978) 
evaluation of weathering stage as the most advanced stage observed on any 
element of the carcass. No weathering profile was constructed for the car-
casses, however, in agreement with the arguments offered by Lyman and Fox 
(1989:293) that such profiles are not representative of the "duration of bone 
assemblage formation.". For all other assemblages, however, I have con-
structed weathering profiles based on the tabulated weathering stage of each 
specimen. These data are offered as a means of addressing the usefulness of 
bone weathering in general, and for making progress toward an understand-
ing of the differences in bone weathering characteristics of reptiles and mam-
mals. As Lyman and Fox (1989:314) themselves assert: 
Conclusions based on interpretations of bone weathering pat-
terns in archaeological assemblages...require ethnoarchaeologi-
cal data on bone weathering profiles at short term, long term, 
single and multiple occupation sites created by recent hunter-
gatherers in order to build necessary analogs and bridging 
arguments. These and other necessary kinds of data are virtu-
ally non-existent at the present. 
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CONCLUSION 
The above discussion lays out the variety of quantitative and qualita-
tive methods used to examine faunal assemblages. The range of analysis is 
quite broad, but complementary. Quantitative analysis forms the ground-
work, and can provide information about assemblage size, composition, and 
degree of breakage. By themselves, however, quantitative measures tell only 
part of the story, since significant environmental information derives from 
qualitative description of an assemblage. Indications of abrasion or rounding 
of elements suggest an assemblage was subjected to hydraulic forces, such as 
stream action, and may mean that the assemblage is not a coherent whole, 
sharing the same formation history. Damage patterns, such as cutmarks and 
gnawing marks are considered to be semi-mutually exclusive, in that a bone 
that has been utilized fully by a carnivore leaves little resources for use by a 
hominid, and presumably vice versa. In the case of large mammals, this is 
obviously not the case, and this fact has fueled the controversy over the inter-
pretation of bovid metapodia from Olduvai living-floor sites. Nevertheless, in 
the case of reptiles, within-bone resources are not an issue, since these ani-
mals have very narrow medullary cavities, and therefore little to offer in 
terms of marrow. Cutmark versus gnawmark frequencies thereby can be 
used in opposition, as an indication of the primary consumer. Examinations 
of weathering patterns are important for understanding the interrelation-
ships of specimens in a single assemblage, but interpretations must be 
treated as tentative, since long-term analysis of the weathering characteris-
tics of reptile bone has not been completed. 
In this study, the primary units of measurement are NISP, MNI, and 
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percent MNI. In order to calculate percent MNI values, MNE and MAU 
values were derived from the raw data, but they will not be presented here. 
NISP as been shown by Lyman (1994:297) to be closely statistically related to 
MNE, but with higher levels of fragmentation, differences between the two 
measures "are exacerbated because as fragments become smaller they are 
less likely to be shown to be independent of one another." Breakage of bone 
specimens varied considerably between the modern and archaeological as-
semblage, although in the modern assemblages whole bones predominated. 
For most contexts, therefore, NISP is generally very similar to estimations of 
MNE. In measuring the areal densities of bone specimens in the various 
accumulation contexts to be discussed, NISP was used to count specimens, 
rather than MNE as has recently been used by Tappen (1995). MNE can be 
difficult to determine if single elements have been broken and scattered over 
a large area, since close comparison of specimens would be required to assess 
their interdependence. If one cannot make such comparisons in the field, as I 
could not, then it is probable that MNE and NISP values will be approximate 
nonetheless 
Qualitative assessments of the bone assemblages employs descriptions 
of general carcass utilization based on observation of ravaged carcasses, 
element-specific damage patterns, and the types of gnawing damage observed 
on carcasses and in the bone assemblages from attritional surveys, Koobi 
Fora Hyaena Den 1, and the modern human occupation sites. Cutmarks are 
described on remains from the occupation sites and the attritional assem-
blages, and burning is described only on materials from the occupation sites. 
Burning at one occupation site is attributable to grass fires and not to human 
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activity. Bone weathering is described for all assemblages as well, and pat-
terns of weathering in the attritional assemblages is related to the distribu-
tion of specimens across the land surface, particularly in reference to the 
location of the lake margin. 
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CHAPTER FOUR 
THE STUDY AREA 
Although utterly exhausted, after the seven 
hours' march in the intense and parching heat, 
we felt our spirits rise once more as we stood upon the 
beach at last, and saw the beautiful water, 
clear as crystal, stretching away before us. 
—Count Teleki, The Discovery of Lakes Rudolf and Stefanie 
LAKE TURKANA 
The modeling of modern faunal assemblages for use in interpretations of 
archaeological and palaeontological assemblages requires that the baseline 
samples consist of taxa closely related to the fossil fauna in phylogenetic and 
ecologic terms. Also, because the taphonomic processes involved are so im-
portant to the form of faunal accumulations, the sampling environment 
should correspond as closely as possible to the ancient environments. The 
fauna and environments of modern Lake Turkana fulfill these criteria. In 
particular, approximately 1600 km2 of land, including 65 km of Lake 
Turkana's eastern shoreline, was set aside by the Kenyan government as the 
Sibiloi National Park. This area is off-limits to pastoralists' herds, hunters, 
and settlers, and hence promises a relatively pristine environment to exam-
ine the nature and distribution of surface bone assemblages. Few, if any, 
other lakeside regions in Kenya fulfill this criterion—not even the west side 
of Lake Turkana which is heavily inhabited by the Turkana tribe and their 
herds. Contributing to the suitability of this study area is the presence of 
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two small ethnically separate human populations along the eastern shores, 
the Dassanetch gal dies and the Elmolo, both of whom hunt crocodiles and 
turtles as part of their subsistence activities, thus offering an opportunity to 
examine the patterning of such remains in undeniably human contexts. 
Since its discovery by Westerners, Lake Turkana has been the focus of a 
number of scientific expeditions beginning with the 1888 expedition led by 
Count Samuel Teleki (Hohnel 1894). Limnological studies of the lake include 
the 1930-1931 expedition led by E. B. Worthington (Wortbington 1932a, 
1932b), but continued much later when the lake was studied extensively for 
its potential for fisheries management (Hopson 1982), for crocodile manage-
ment/farming (Graham 1968), and for evidence of the climatological history of 
the region (Johnson et al. 1987). The Turkana Basin, in which the lake rests, 
has been the focus of numerous palaeontological expeditions exploring the 
area's fossiliferous deposits (Arambourg 1933,1947; Arambourg et al. 1935, 
1943; Fuchs 1934; Patterson 1966; Leakey and Leakey 1978; Behrensmeyer 
1975; Bunn et al. 1980; Harris et al. 1988). The ancient sediments have 
yielded many of the fossils and archaeological materials that constitute the 
foundation of our understanding of human evolution as well as later human 
habitation of the region (Isaac et al. 1971,1976; Merrick et al. 1973; Robbins 
1974,1980). Ethnoarchaeological research involving the modern human 
populations living near the lake has contributed to issues of archaeological 
site formation (Gifford 1977; Gifford and Behrensmeyer 1977). 
Location and Meteorology 
The lake (Figure 4.1) is situated in the northwestern corner of Kenya, 
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Figure 4.1. Map of the Lake Turkana Basin. Major human population 
centers, permanent rivers, and ephemeral watercourses indicated. 
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between 2°27' to 4°40' North and 35°50* to 36°40' East, at an altitude of 375 
m above mean sea level. It is 257 km long and 44 km wide at its greatest 
breadth. The northernmost portion of the lake lies in Ethiopia, where its 
only permanent feeder, the Omo River, enters after draining the Ethiopian 
Highlands. The lake rests in a closed basin, partially in a fault zone of the 
Gregory Rift Valley with two submerged grabens forming the lake bottom's 
deepest portions to the north and south. Overall, Turkana is a shallow lake 
with a maximum depth of 125 m, but a mean depth of only 35 m (Yuretich 
1979). 
Current meteorological data are not available for this remote area, but a 
very thorough limnological study of Lake Turkana, performed to evaluate the 
fisheries potential of the lake, provides the bulk of this discussion (Hopson 
1982). The Hopson study examined not only the fish of Lake Turkana, but 
the lake's chemistry and physical geography. Lake Turkana receives less 
than 250 mm of precipitation a year, although the Turkana Basin as a whole 
receives about 770 mm/yr (Hastenrath and Kutzbach 1983). The lake lies in 
the northern extension of the Intertropical Convergence Zone (ITCZ) in which 
the northeast and southeast monsoon winds from the Indian Ocean sweep 
successively up then down across the Equator. The ITCZ produces two rainy 
seasons in the affected parts of Kenya, bringing rains during March to May, 
and then again in October to November. At Lake Turkana, the long rains fall 
between March and April, and short rains between October and November— 
the latter have a high incidence of failure (Ferguson and Harbott 1982; 
Butzer 1971). The mean daily air temperature is 29.3 c C, with a low of 19.5° 
C, and a high of 39.9° C recorded from March 1973 to September 1975 
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(Ferguson and Harbott 1982). Intense southeast trade winds buffet the lake 
year-round, creating strong surface currents and contributing to surface 
evaporation rates. High temperatures and land albedo also promote high 
evaporation rates for both the lake surface and the surrounding basin, and 
consequently reduce the amount of discharge into the lake from the areas of 
the basin receiving rainfall (Hastenrath and Kutzbach 1983). Year-round 
input from the Omo River is augmented by seasonal input from the Kerio and 
Turkwel Rivers and numerous other ephemeral streams {logos) that drain 
the Turkana basin, but this is often negligible. Much of these streams' flow is 
absorbed by the substrate before reaching the open water of the lake. This 
factor, and that of low local rainfall, mean that lake level is primarily depen-
dent on freshwater input from the Omo River. Annual variation in both air 
and water temperature is very slight, making variation in rainfall the over-
riding factor in ecological conditions. 
Chemically, Lake Turkana is a sodium-carbonate lake, high in nitrates, 
but with a salinity not as high as expected for the lake's age, rate of freshwa-
ter input, and evaporation rate (Ferguson and Harbott 1982). The discrep-
ancy is explained through various sediment/water interactions resulting in 
loss of soluble salts, including precipitation of various salts by mineralization 
(e.g., production of calcite, montmorillonite, illite). The present lowering of 
water level is not unusual, for Lake Turkana's geological history has been 
marked by repeated transgressive-regressive cycles, some on a very large 
scale (Johnson et al. 1987). The Turkana ichthyofauna belongs to the 
"Soudanian" icthyogeographical region (Hopson 1982) indicating that the 
lake was once connected to the Nile. Other Nilo-Soudanian elements are, or 
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were, present in the aquatic fauna, namely Hippopotamus amphibius, Cro-
codylus niloticus (Nile crocodile), Trionyx triunguis (Soft-shell turtle), Vara-
nus niloticus (Nile monitor lizard), as well as various fossil molluscans repre-
senting species that cannot tolerate the presently high alkalinity of the lake 
(Van Damme and Gautier 1972). Butzer (1980) examined evidence for high 
lake stands at Turkana, identifying three maximum Holoeene stands at 
10,000 to 7,000 ybp, 6,500 to 4,000 ybp, and circa 3,000 ybp. The highest 
stand rose approximately 75 m greater than the present level. Feibel (1988) 
notes that the present lake surface area (7,500 km2) was probably three times 
greater at its Holoeene maximum. He argues that certain hydrological fac-
tors, particularly interactions between the Omo and Nile Rivers throughout 
its geological history have dominated the evolution of lake Turkana, with 
climatological factors (e.g., the possibility of increased rainfall) being much 
less important. This interpretation directly counters reconstructions of the 
ancient climate as more mesic than today (Behrensmeyer 1975; Butzer 1976) 
and therefore has significant repercussions for models of early hominid sub-
sistence activities in this region (Harris and Herbich 1978). 
The Coastal Zone 
The modern littoral environment of Lake Turkana presents numerous 
analogues for the sedimentological fades of the Koobi Fora Formation and 
the Olduvai Beds. The recent transgressive-regressive cycles of the lake level 
create, in effect, a series of marsh, lagoonal, floodplain, channel, and beach 
contexts, each with its own potential for attritional bone assemblage forma-
tion, and each with clear counterparts in the lithofacies represented by the 
pertinent early hominid archaeological and palaeontological record (Fig. 4.2). 
96 
fUEriet 
N 
A 
(i 
LAKE 
TURKANA 
Koobi 
Fora 
Wleret 
.r 4 Laga Tulu Bar 
Kokoi "*-
[Rangers 
Post 
Sibiloi 
National 
Park 
s
sIl Lokeridede 
t Jllmort 
; Amp . 
Mehto / 
fRAllia 
* - ~ •"• 
Sibiloi 
National 
Park 
Headquarters 
• Permanent Camp 
^ . . / ' ~ Sand River ° 1 2 3 4 5 
RSSS^ Surveyed Area km 
Figure 4.2. Map of study area and surveyed areas. 
97 
At Olduvai Gorge, for instance, the Bed I sites DK, FLK NN Level 3, and 
FLK Level 22 ('Zinj') occur in tuffaceous claystones that show some degree of 
palaeosol formation and evidence that they were intermittently flooded and 
exposed by changes in lake level. Bed H sites such as FLK N and MNK occur 
in lake-margin palaeosols also, representing marshes or dried mudflats 
(Leakey 1971). Root-marking is evident at some sites, and fossilized (papy-
rus) rhizomes are found at others. The site BK (Bed II) represents the only 
channel deposits that will be discussed here. 
The vegetation zones of the East Turkana area were mapped in 1970 by 
the East Rudolf Research Expedition, and at that time the coastal zone cov-
ered approximately 35 square miles (Nesbit Evans, unpublished report as 
cited in Hill 1975). The flora, fauna, and human inhabitants of this region 
are all potentially involved in the presence or absence of reptile remains, 
either due to processes that bury, scatter, transport, or destroy them, or 
because of activities that attract or repel crocodiles or turtles from the area. 
Recently published censuses of the wildlife are not readily available, but 
older published surveys consist of that by Stewart (1963) of large mammals, 
Graham (1968) and Modha (1967,1968a, 1968b) of crocodiles, and Hopson 
(1982) of the fish fauna. 
The area has experienced frequent droughts in the last twenty years, 
this combined with the shrinking lake levels and political -boundary disputes 
between Kenya and its northern neighbors have all acted to place increasing 
stresses on the pastoralist populations who inhabit the lake environs, making 
it continually more difficult to find graze for their herds. This in turn most 
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probably has had deleterious effects on the wild ungulate populations, which 
compete with the domesticates for graze. Evidence from the Koobi Fora 
Hyaena Den 1 suggests that drought conditions in 1984 brought domestic 
herds in close contact with predators far inside the Sibiloi Park boundaries 
(Lam 1988,1992). The overall web of faunal interactions is definitely vast 
and although pertinent to this study, because of its complexity, it is difficult 
to assess the distinctiveness of Lake Turkana predator-prey interactions, 
particularly those between the aquatic species under study and terrestrial 
predators such as lions and hyaenas. I will venture to say, however, that it is 
entirely possible that predation on crocodiles may be higher in the eastern 
Lake Turkana environs than in other African wildlife refuge areas because of 
the overwhelmingly centralizing role the lake plays in this semiarid region. 
If wild ungulate herds have been decimated by drought and competition with 
domestic herds, then predation on crocodiles may be amplified. 
Flora 
The semiarid environment of the Turkana region is dominated by Aca-
cia, Commiphora, and Balanites aegyptiaca with Acacia eliator, A. paoli, 
Salvadora persica, and Balanites orbicularis occurring along water courses. 
The alluvial (coastal) plain is dominated by Sporobolus spicatus (spikey 
grass). The inlets to the larger of the eastern ephemeral watercourses (e.g., H 
Eriet, H Tulu Bor) are well-vegetated with aquatic plants such as Eleocharis 
(rushes) and Cyperus (sedges). Formerly inundated areas and areas that 
experience regular flooding (and subsequent drying) are often covered with 
salt-tolerant bushes (Suaeda monoica). To the south, around Loyangalani 
and Elmolo Bay, gravel beaches are not vegetated, but the muddy substrates 
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just offshore support aquatic vegetation. The doum palm (Hypheane sp.) is 
found just inland around Loyangalani. The trunks, when lashed together, 
serve as rafts from which Elmolo men harpoon fish and crocodiles. 
Mammal ian F a u n a 
The area's mammalian fauna is distributed according to each species 
dependence on water. A strip of grassland borders the lake's cast side for 80 
km from Allia Bay to the northeast end in Ethiopia. A game survey in 1963 
by Stewart counted the large ungulates and ostrich along this strip and up to 
32 km inland. A number of the mammalian species present in 1963 are no 
longer resident, including Giraffa reticulata (reticulated giraffe), Diceros 
bicornis (black rhinoceros), and Kobus defassa (waterbuck). Those still com-
mon along the coastal zone are Damaliscus korrigum (topi), Hippopotamus 
amphibius (hippopotamus), Equus burchelli (Burchell's zebra), while Oryx 
beisa (Beisa oryx), Gazella grantii (Grant's gazelle), Litocranius walleri (ger-
enuk), Equus grevyi (Grevy's zebra), Tragelaphus strepsicceros (greater kudu), 
and Madoqua guentheri (dik-dik) are still found farther inland. The major 
terrestrial carnivores include Crocuta crocuta (spotted hyaena), Hyaena 
hyaena (striped hyaena), Panthera leo (lion), and Canis mesomelas (black-
backed jackal), Lycaonpictus (hunting dog), Panthera pardus (leopard), and 
Aciononyxjubatus (cheetah). In areas more heavily occupied by pastoralists 
(i.e., Beret, Loyangalani), competition with livestock has thinned the popula-
tions of the ungulate species. The carnivores are less affected by the human 
populations, and in fact, prey heavily on domesticated stock. Sibiloi National 
Park, its grazing lands protected from encroachment by livestock, maintains 
higher wild fauna populations than the surrounding areas. 
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Aquatic Reptilian Fauna 
Lake Turkana's crocodile population is the largest natural population of 
Crocodylus niloticus left in Africa, and the only relatively undisturbed popu-
lation in Kenya. A detailed study of the population found that the ventral 
skins of these crocodiles are frequently marred by small bone-like deposits, 
called "buttons," possibly caused by the highly alkaline lake waters which 
render the skins less valuable commercially (Graham 1968). Because of this, 
initial plans by the Kenyan government to commercially exploit, or manage, 
the population never came to fruition. 
According to Graham's 1968 study of the Lake Turkana crocodile popula-
tion, approximately 70.9% of the population is found along the lake's eastern 
shore, the area between Heret and Allia Bay being the most heavily occupied 
with an estimated density of 90 individuals per mile. This crowding is partly 
explained by the relative calm of the eastern shore as compared to the west 
which is constantly battered by a heavy surf whipped up by the prevailing 
southeasterly winds that sweep across the lake. The more protected eastern 
shore offers a variety of vegetated shallows favored, in particular, by imma-
ture (under 100 cm) crocodiles (Graham 1968). 
Reed beds and inundated bush in these areas also provide habitat to the 
two aquatic turtles found in the lake: Pelusios adansonii, the "nilotic terra-
pin" and Trionyx triunguis, the "soft-shelled turtle." Pelusios is a member of 
Pleurodira, turtles that retract the head into the shell by a sideways bending 
of the neck. The Pelusios shell is hard, and moderately domed with an ante-
riorly hinged plasteron that can close off the shell when the head and forelegs 
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are fully retracted. Hedges (1983) reports that carnivores, such as hyaenas 
and jackals, raptors, and probably crocodiles prey on Pelusios. 
Trionyx, the soft-shell turtle, is characterized by a much reduced and 
flattened shell, lacking the laminae as are found in Pelusios, and covered 
instead by a leathery skin. A large fenestrum occurs mid-ventrally on the 
plastron, the body protected within by only a thin layer of cartilage and skin. 
Trionyx triunguis may attain a size of 30 kg or more (Hedges 1983). Popula-
tional data are not available for either of these turtles, although the Pelusios 
population has been sampled for taxonomic study (Wood 1974). 
H u m a n Popula t ions 
Human activity on the eastern shores of Lake Turkana is minimal com-
pared to the west where the Kenyan government has set up fisheries to help 
the traditionally pastoralist Turkana avoid the ravages of the frequent 
droughts they encounter in their territories. The movement around the lake 
of these fishing Turkana has increased as of late, and a fair number of Tur-
kana are now found in and around the main settlements on the eastern 
shores. The east side of the lake has two permanent settlements at Beret 
and Loyangalani. Beret is primarily a Dassanetch settlement, and 
Loyangalani, a mixture of Turkana, Samburu, and Elmolo, although the 
Elmolo have probably inhabited the area longest. 
The northern end of Lake Turkana, where the Omo has created immense 
delta fiats, and areas east of the lake have been the traditional grazing terri-
tory of a number of pastoralist tribes in Kenya, Sudan, and Ethiopia. The 
Dassanetch, Gabbra, Rendille, Turkana, Borana, and Samburu have all vied 
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for grazing rights in the area, warring with each other and, at various times, 
with the troops of the Ethiopian, Italian, and British governments (Almagor 
1971; Carr 1977). In 1914, the British took control of the flemi plains, an 
area making up a large part of the grazing territory used by numerous tribes, 
and declared it a "no-man's land." It had been given over to the Kenya (Brit-
ish) colony by Sudan who had trouble administering the area due to its inac-
cessibility. EventuaBy, the Kenyan admistrators cordoned off the flemi plains 
to Dassanetch in an effort to quell hostile interactions between them and the 
Turkana (Carr 1977). In the meantime, between 1937 and 1938, the Italians 
moved into Ethiopia and set up peaceable relations with the Dassanetch 
which included supplying them with guns. The British, who never had good 
relations with the Dassanetch, at that point viewed them as aBies of the 
Italians, and so in 1941, when the British drove the Italians out of Ethiopia, 
the Dassanetch received similar treatment and were subjected to aerial 
bombing. A military blockade was set up by the Kenyan administrators to 
prevent Dassanetch from crossing the Ethiopian-Kenyan border. In 1942, the 
British pulled out of the lower Omo River valley, but set up police posts near 
the Sudan and Ethiopian borders, eventually expelling Dassanetch from 
lands south of the police post at Beret, Kenya. During Carr's (1977) study, 
she found the Dassanetch confined to the west and east banks of the Omo 
River (Ethiopia), and extending south a short distance along the eastern 
shores of Lake Turkana to Beret. 
The Dassanetch 
The Dassanetch community at Beret is probably the southernmost 
settlement of the Dassanetch today. It is a permanent village immediately 
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surrounding the Kenyan police post. Hostilities continue today between 
Dassanetch and Gabbra, and so families are protected by their proximity to 
the police. Beret is year-round residence to many Dassanetch families who 
also maintain smaller temporary livestock camps (fortech) farther away from 
the lake. Carr (1977) identified two primary economic strategies practiced by 
Dassanetch, the first, and most valued, being pastoralism with an emphasis 
on cattle, and less so on smaU stock such as goats. Herd owners are part of a 
complex web of reciprocal relationships with other herd owners. Cattle are 
the central element of Dassanetch social relations, the possession and ex-
change of which define rights and obligations between individuals and clans. 
Smaller stock are also kept, but play a much lesser role in social interactions. 
While stock raising is the preferred means of production, a range of variation 
in subsistence activities are seen, from stock raising only to reliance on vari-
ous combinations of stock raising, horticulture, and hunting/fishing/gather-
ing. Most Dassanetch take part in horticultural activities at some time of the 
year, although there are a few wealthier tribal segments who do not (Carr 
1977). The poorest Dassanetch, however, tend to rely on horticulture as 
much as on hunting and fishing. 
The least desirable means of subsistence is hunting/fishing/gathering, 
without any access to stock of any kind. Carr's (1977) study showed that, 
while pastoralism is the more highly valued of the subsistence strategies, 
many Dassanetch, even those with cattle, resort to hunting and fishing at 
certain times of need, such as during droughts. Overtly, hunting and fishing 
activities are viewed as disgusting or at least undesirable methods of obtain-
ing sustenance. Nevertheless, individuals or families entirely without cattle 
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do resort to a hunting-fishing way of life when no other recourse is possible. 
Individuals who must resort to subsisting on wild resources are called gal 
dies, the name for both "fisherman" and "pauper" in the Dassanetch lan-
guage. Carr (1977) reports that during her study, Dassanetch viflages located 
on the Omo river were home primarily to gal dies or the poorer of the stock-
owning Dassanetch. Unable to survive on the plains without cattle, these 
Dassanetch made use of riverine fauna, and also hunted topi and zebra. Carr 
(1977) reports that fishing and hunting of aquatic fauna is done in shallows, 
such as cutoff meanders, from dugout canoes, or from wooden platforms built 
over the water's edge, and most frequently with spears, as nets were uncom-
mon. Just as Carr (1977) reported, my own study found that gal dies indi-
viduals who were observed subsisting on these lake resources also expressed 
dislike and even denial of dependence on these fauna. Informants who ac-
tively hunted and butchered crocodiles, for instance, denied that they con-
sumed them themselves, instead claiming their subsistence activities were 
performed for the benefit of others in their group. 
In a study of Inkoria Dassanetch around Beret, Gifford (1977) docu-
mented a number of short-term gal dies camps from Beret south to Allia Bay. 
Much of this region is part of the Sibiloi National Park, and today, with the 
presence of park rangers and Kenya National Museum staff at Kokoi Horst 
and Koobi Fora, movements of people from Beret to Allia Bay is now very 
limited, primarily due to the efforts of the Kenya Wildlife Services to prevent 
cattle grazing and poaching of wildlife within the park boundaries. Hill 
(1975) described a gal dies campsite on the northern side of the Koobi Fora 
spit. During my fieldwork I conducted surveys for abandoned short-term 
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camp sites, as wefl as questioned viflagers at Beret and other gal dies as to 
the whereabouts of such camps. In this way, I found recent gal dies camp-
sites only north of the Sibiloi Park boundaries. The apparently more re-
stricted activities of the gal dies could be attributed to factors such as a rever-
sal of fortune, reducing the numbers of poorer individuals, but I would argue 
instead that the more constant presence of Sibiloi National Park staff at the 
Kokoi rangers post and National Museum staff at Koobi Fora has made 
hunting/fishing forays into these areas less tenable. 
The Elmolo 
The Elmolo are found close to the south end of Lake Turkana, near 
Loyangalani. The earliest European account of the Elmolo was made by 
Admiral von Hohnel in his chronicling of the Teleki expedition of 1888, who 
encountered them living on sand banks at Allia Bay. The Elmolo were de-
scribed as the poorest members of the neighboring pastoralist tribes, having 
congregated to communally subsist on lake resources. Count Teleki's guides 
were of the Maasai tribe, however, and the name II torobo, is the Maasai term 
for "pauper." Robbins (1974) hypothesized that the Elmolo represent the 
descendants of the Late Stone Age hunting-fishing culture responsible for the 
bone harpoons and fish-midden sites recorded at Lopoy and Lothagam along 
the southwest margins of the lake. 
When von Hohnel encountered them in 1888 living at Allia Bay, the 
Elmolo numbered approximately 500, but by 1934, the Royal Geographic 
Expedition to (then) Lake Rudolf, found a group of only 84 (Dyson and Fuchs 
1937). Sobania's (1988) ethnohistories of the Elmolo, Samburu, and Das-
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sanetch reveals that when, in the late nineteenth century, the Elmolo's pasto-
ralist neighbors, primarily Samburu, lost their herds to rinderpest, bovine 
pleuro-pneumonia and smaflpox, the Elmolo absorbed them, sharing their 
hunting and fishing knowledge as well as their food and other material pos-
sessions. During this period, the Elmolo came to adopt many features of 
Samburu culture, including hairstyles, personal adornments, an increasing 
reliance on small stock, and even the Samburu language. The Elmolo ceased 
harboring their destitute neighbors after the Samburu began cattle-raiding 
other pastoralists in the region in an effort to rebufld their herds. It was 
feared that the offended groups would seek retribution against the Elmolo. 
Scherrer (n.d.) reports that in 1967, the Minister of Natural Resources 
demanded that the Elmolo be resettled closer to Loyangalani, a small fishing 
oasis set up in 1958 to cater to tourists, in order to protect them from the 
murderous raiding of Somali shifta who were present in the area even until 
recently. During my own visit, some Elmolo men told me they remembered 
this time, and recounted men landing in a helicopter, taking people off the 
island. In 1973, the Elmolo lifestyle was further disrupted by an onslaught of 
scientists, tourists, and journalists that set up camps at Loyangalani in order 
to view the solar eclipse in June of that year (Scherrer, n.d.). The large num-
ber of tourists brought in money, and with money came maduka (stores) 
selling dry goods. This brought about a change in the local economy and in 
time, the social structure of the Elmolo. 
Today, Loyangalani features a luxury hotel, two fenced campsites, and 
a tarmac airstrip. Turkana, Samburu, and Elmolo inhabit the town. Two 
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Elmolo viUages can be found north of Loyangalani, and are featured stops on 
commercial tours and the Elmolo are touted as "Africa's smaBest tribe"—a 
must-see for most tourists. During my own visits to the area, I visited only 
one of the three main settlements in the Loyangalani area, Elmolo Viflage 
North, one of the two traditional Elmolo communities. Here, approximately 
135 people, including some Samburu and Turkana, as wefl as Elmolo five and 
have close association with a Catholic mission. The area around the viflage is 
nearly denuded from grazing by cattle and smaH stock. Fishing is performed 
primarily with nets, soft-shefled turtle are caught with baited hooks, and 
crocodiles are hunted with spears. Pelusios are reportedly caught also, some-
times collected, sometimes caught in the nets while fishing. 
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CHAPTER FIVE 
ATTRITIONAL BONE ASSEMBLAGES 
Meanwhile the whole history of probabilities is coming to life, 
starting in the upper left-hand corner, like a snail. 
—John Ashbery, For John Clare 
LANDSCAPE ACCUMULATIONS 
This chapter discusses attritional surface assemblages of Crocodylus 
and Trionyx remains described through the systematic survey of lake margin 
habitats at Lake Turkana, Kenya. The goals of this part of the study were: 
1) to evaluate the representation of aquatic reptile remains in lake margin 
sedimentary contexts, and 2) to determine the extent to which the distribu-
tion of these remains on land can be attributed to proximity to the lake (and 
therefore to hydraulic processes) as opposed to the hunting and scavenging 
activities of carnivores. These bone assemblages constitute an important 
part of this study of the taphonomic factors affecting the distribution and 
preservation of aquatic reptile remains, and constitute the baseline expecta-
tion for bone densities at the Olduvai Gorge Bed I and Bed H archaeological 
sites to be discussed in Chapter Eight. Specifically, the data derived from 
these aquatic reptile attritional assemblages are used to address assertions 
that the aquatic reptiles at certain Olduvai Bed I and II archaeological sites 
reflect only the lacustrine nature of the general environment in which the 
sites are situated, and not hominine subsistence activities. The value of this 
study to interpretations of the faunal assemblages from early archaeological 
sites lies in the fact that they represent the first systematic description of 
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attritional assemblages of crocodiles and turtles, a comparative base for 
subsequent investigations into the taphonomic effects of human and carni-
vore activities. 
Bones occurring on the landscape, but not in dense, purposefully accu-
mulated contexts such as a carnivore denning site or a human occupation 
site, are called "attritional" or "background scatter" accumulations. A critical 
factor in the study of the faunal materials from open air archaeological sites 
is differentiating bones occurring as part of a locale's background scatter from 
those left behind from the subsistence activities of hominids. Cut marks on 
bones provide the best indication of hominid involvement, but Marshall's 
(1986) examination of the Neolithic Ngamuriak assemblage of domesticated 
cattle and sheep/goat butchered with stone tools showed cutmarks to occur on 
only 7.6% of the specimens. Such low occurrence at a site with undoubted 
human involvement suggests that the expectation of finding cutmarks at 
Early Stone Age sites would be approximately the same or even lower. With-
out evidence such as cutmarks, reliably labelling every single bone in an 
assemblage as either "natural" or "cultural" in origin may never be possible. 
A more reasonable approach is to explore expectations of bone densities and 
skeletal part frequencies from sedimentary contexts comparable to the ar-
cheological contexts, examining other assemblage features, weathering pro-
files and surficial damage patterns. A number of "agents" can be responsible 
for accumulating the remains of animals. Those I call "active accumulators": 
humans, lions, hyaenas, porcupines, and other animals, collect and move 
bone as part of their feeding or denning behaviors. "Passive accumulators," 
such as water or wave action, deflation, wind, or slope movement, also accu-
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mulate remains that are present on the land surface. 
We know, or assume, that the high frequencies at which early sites 
occur in lacustrine and fluvial environments should not be taken as an indi-
cation that early hominids were living only in such contexts, but that sites 
have a much greater chance of preservation in these areas. Furthermore, it 
is probable that these sites, such as those at Olduvai Gorge, owe some of their 
denseness, and hence archaeological visibility, to the accumulating action of 
water, either sheet wash or low energy wave action. Given the high probabil-
ity of bone destruction, the preservation of a dense scattering of animal re-
mains at an open air site such as FLK NN Level 1 or DK provokes questions 
as to the agencies involved in the accumulation and the processes involved in 
the preservation or burial. One remarkable feature of these early sites is the 
extremely high taxonomic diversity present—birds, micromammals, fish, 
reptiles, amphibians, and small and large bodied mammals are represented 
at FLK, FLK NN, DK, and MNK Skull Sites. Were these accumulations 
unusually dense originally? Do they represent palimpsests of activity, each 
buried and superimposed on the previous one? Could the accumulations 
simply be background noise from the lacustrine environment—a commingling 
of natural deaths, beached carcasses, disarticulated remains carried to the 
low point in the landscape by sheetwash? Today, an increasing number of 
researchers are evaluating the initial interpretations of these sites through 
investigation of bone and artifact preservation in "non-site" contexts (Rogers 
and Harris 1992; Stem 1993). 
By sampling different modern habitats or sedimentary contexts, prob-
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abilities for the occurrence of certain taxa and expected densities of their 
remains in the sedimentary contexts represented by archaeological sites can 
by modeled. The nature of background assemblages can be assessed and 
compared to assemblages caused by human activities. One can then assess 
whether or not the densities of certain taxa at archaeological sites are great 
enough to suggests an active agent of accumulation. For example, certain 
water-dependent mammals such as waterbuck (Kobus) are more likely to be 
represented in lacustrine, near-shore contexts than mammals that are less 
water-dependent, such as Oryx. The presence of aquatic animals such as 
hippos, crocodiles, turtles, and fish are expected in lacustrine contexts, and 
less expected in terrestrial contexts far from permanent water. If water can 
act as an accumulating agent then perhaps it creates a distinguishable signa-
ture, just as we might expect from human- or carnivore-related assemblages. 
Discrepancies between the number of elements represented in a sur-
face assemblage and the actual frequency of elements in an animal's skeleton 
may be attributed to physical and chemical processes that result in bone 
destruction or loss from the subaerial environment. Since single elements 
initially derive from whole carcasses, a comparison of the minimum number 
of individuals (MNI) or minimum number of elements (MNE) represented by 
a surface assemblage to the number expected for a particular taxon is useful 
as an indicator of differential preservation due to attractiveness to carnivores 
(high or low utility index), or susceptibility to weathering or early burial. 
Likewise, absence from the surface assemblage of taxa known to be present 
in the sampled environment also leads to inferences about differential sus-
ceptibility of those fauna to destructive processes, or to their probability of 
112 
being represented in a fossil assemblage. 
Actualistic methods have been employed by a number of researchers 
interested in interpreting problematic faunal assemblages. Behrensmeyer et 
al. (1979) conducted surface surveys of six major habitats represented in 
Amboseli National Park, Kenya in order to examine the taphonomic pro-
cesses affecting animal remains after death. Similarly, HBl (1975) surveyed 
attritional assemblages at Lake Turkana and Murchison's Fafls. These stud-
ies attempted to establish a baseline expectation for the preservation of 
terrestrial fauna in various sedimentary contexts, and examined the reliabil-
ity of taxonomic diversity measures based on such remains. 
Clearly, the total range of processes contributing to any fossil assem-
blage is so great as to defy complete reconstructions of every event, yet by 
focusing on what appear to be the major factors in bone preservation, higher-
order inferences regarding assemblage formation can be made. Identifying 
patterning requires study of contexts in which as few taphonomic agents are 
operating as possible. This permits analysis to highlight patterning specific 
to the agent under study. In regards to vertebrate faunal assemblages in 
East Africa, large carnivores have been documented as prime agents of both 
damage to and collection of vertebrate remains (Biumenschine 1986a, 1986b; 
Hill 1975,1979,1980; Lam 1992). 
The "landscape taphonomic model" (Biumenschine 1989) uses the 
landscape, or large areas of land surface as the unit of aggregation. This unit 
is meant to contrast with the more frequently applied taphonomic units of 
"spatially discrete, higher-density assemblages [such] as single carcass scat-
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ters, or those created at carnivore dens or human camp sites" (Biumenschine 
1989:347). Landscape oriented taphonomic studies have been put to a wide 
variety of uses with both palaeoecological and archaeological emphases. 
Behrensmeyer et al. (1979) used landscape-unit assemblages to examine the 
preservation potential of various aspects of community structure, namely 
species diversity, relative abundances, and spatial distributions. This work 
highlighted taphonomic biases against smafl-bodied vertebrates and the 
juveniles of large-bodied vertebrates stemming from sampling error, differ-
ences in population size and species specific death rates, and differential 
susceptibility to destructive processes such as carnivore utilization, weather-
ing, and fragmentation due to trampling. Studies by Biumenschine (1986a, 
1986b, 1989) have implemented landscape taphonomic models to explore the 
scavenging opportunities that may have been available to early hominids, 
examining the amount and types of edible tissues left on large mammals 
carcasses in modern habitats. There is an obvious need to document land-
scape assemblages as a first step in evaluating the uniqueness of archaeologi-
cal assemblages, often distinguished by high concentrations of faunal mate-
rial. 
Amboseli 
Virtually all workers examining landscape assemblages have described 
them as characteristically low in density, diversity and numbers of individu-
als represented (Behrensmeyer 1983, Behrensmeyer and Boaz 1980, Hill 
1975). This portrayal very cleanly, very conveniently, and in a very ad hoc 
manner, separates attritional and archaeological assemblages. The flaw lies 
in the use of bone density values derived from large areas to those calculated 
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for the much smafler areas of excavated archaeological sites, which by defini-
tion or recognition are locally discrete concentrations of bone. While applying 
average values in comparison with archaeological sites seems to be a natural 
descriptive exercise, relying on average values for large areas ignores the 
actual dispersion of bone within those survey areas. For example, two hypo-
thetical 100 m x 100 m survey areas are gridded into 100 10 m x 10 m cells. 
One area has one bone in each 10 m x 10 m ceB. The other has 100 bones in 
one cell and nothing in the other ninety-nine. Both areas have an overafi 
bone density of 0.01 bones/m%. Because of this problem of dispersion, average 
bone density values have no descriptive value. To get around this problem, 
Behrensmeyer (1983:96) uses the Minimum Number of Individuals per sur-
vey area in order to differentiate higher density background scatters from 
archaeological assemblages, noting that: 
The number of individuals represented in the sampling 
blocks never exceeds three and usually is no more than one. 
This confirms a general impression of the Amboseli land surface 
assemblage as one in which small clusters of bone are typicaUy 
attributable to one individual, with few multi-individual occur-
rences in one place. 
She goes on to examine the bone densities of her survey blocks in 
relation to densities at excavated sites (p. 96): 
Seen from an archaeological or paleontological perspective, even 
the highest observed surface bone frequency would be very low; 
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.0083 bones per m^ amount to barely 1 per 100 m^, an area 
larger than many excavated sites. Of course, by chance the 
smaller area where bones actuaBy occur (within the 1500 m2 
block) might correspond to the area excavated, but then only the 
remains of one individual are likely to be represented. 
Behrensmeyer's assumptions include, however, that her assemblages 
are "randomly spaced, ideally attritional mortality" (p. 97). It is reality, even 
as she admits (p. 97), that "in practice there are probably places on a land 
surface where animals are more likely to die....In Amboseli there were a few 
areas with anomalous patches of bones which could be related to the repeated 
use of ambush sites by local predators....These were not included in the block 
sampling program and are regarded as a special kind of assemblage in which 
biological agents have played an important role in spatially concentrating 
bones." 
Behrensmeyer (1983) sampled 72-30 x 50 m blocks in bush habitat and 
44 blocks of the same size in swamp habitat and by randomizing those data, 
produced hypothetical arrays of "blocks" representing much larger areas of 
bush and swamp habitats than she actually sampled. In her simulated ar-
eas, Behrensmeyer (1983:95) found: 
that bones are widely scattered and common on the land sur-
faces of the two habitats. Only 20% of the blocks in the Swamp 
and 38% in the Bush had no bones present [my emphasis]. 
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Examination of her actual data (1983, Appendices la & b), however, shows 
that indeed, 20% of her Swamp blocks had no bones present, but the actual 
value for bush blocks is 51%! Behrensmeyer surveyed more bush blocks than 
swamp (N=72 versus N=44), presumably so that the MNI values would be 
approximate. In reality, independent t-tests of the bush NISP and MNI 
values for the first 44 bush blocks versus the entire 72 bush blocks, show that 
further survey was not necessary, the extra 28 sampling blocks did not sig-
nificantly add to the totals (see table below). As the table indicates, differ-
ences in bone distribution in bush versus swamp areas are significant for 
both NISP and MNI, and the difference between these values for the smaUer 
number of bush blocks and the total swamp blocks is only slightly less signifi-
cant. The differences in attritional bone assemblages between the two areas 
is probably attributable, as Behrensmeyer posits, to differences in the poten-
tial for destruction versus burial, and to differential habitat use. 
Furthermore, Behrensmeyer's (1983) data show that carcasses in the 
swamp blocks were represented by a greater number of specimens per indi-
vidual (percent MNI) than those in the bush blocks (compared across blocks, 
not pooled by habitat). An independent t-test of these %MNI values demon-
strates a significant difference between the two habitats (t=-2.33O, p=0.02, 
df=41.6). The Amboseli data need to be examined for clustering patterns of 
both NISP and MNI in both habitats. The numbers Behrensmeyer (1983) 
gives for the survey blocks are area totals only. It would be interesting to 
examine the distribution of the bones within each block, particularly in the 
swamp areas where bone preservation and/or attritional rates from the living 
populations seems greater. I posit that landscape assemblages are not ran-
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dom, low density scatters of remains, particularly if examined on the scale 
represented by archaeological sites, and particularly in areas where standing 
water is present. 
Ngorongoro and Serengeti 
Attritional bone assemblages are the subject of a study by Biumen-
schine (1989) in which he examines the potential for gleaning various catego-
ries of ecological data from the bone assemblages recovered from transects 
over different habitats at the Ngorongoro and Serengeti ecosystems. This 
study is "methodologically similar" to Behrensmeyer's at Amboseli 
(Behrensmeyer et al. 1979; Behrensmeyer and Boaz 1980), but unfortunately 
it is not comparable to Behrensmeyer's (1983) paper discussed above. 
Blumenschine's (1989) study used transect surveys of grass plains, open 
Acacia woodlands, and riparian woodlands in both ecosystems, and consid-
ered the landscape the unit of analysis. The bone samples from each were 
tallied according to carcass size classes (large herbivores only), age groups, 
and quantified using MNE, MNI, and the index Percent MNI (MNE/MNI x 
100). Within each landscape, or transect, the individual represented the unit 
of analysis, such that Biumenschine tried very hard to determine the com-
pleteness and degree of scattering for any one carcass. The main aim of this 
study was to examine the hypothesis that attritional bone assemblages 
"should accurately reflect previous direct observations on scales of scavenging 
opportunities" (p. 359). His presentation, then, focuses on differences in 
skeletal part profiles for individual carcasses between habitats and ecosys-
tems, and relates these differences to the density relationships of carnivores 
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to large herbivores and the level of carcass utilization resulting from high or 
low levels of competition over carcasses. 
The transect areas covered by Biumenschine range in size from 
1,875,000 m 2 to 90,000 m2 and have MNI values from 20 to 5. Two "patch" 
surveys (intensely searched), one covering 1,500 m 2 and the other 62,000 m2, 
had MNI values of 2 and 3 respectively. Because he used MNE values and 
considered the individual rather than the assemblage the unit of analysis, 
the data are not comparable to the data presented above from Behrensmeyer 
(1983) where NISP was employed as a measure of overafl density, and MNI 
as a measure of dispersion. Because of the potential for transport over large 
areas of a transect, I feel that MNE is not a reliable measure, since an indi-
vidual bone may actuaUy be counted more than once if the fragments are 
widely separated. My own surveys found that crocodile "parts," that is, limb 
segments consisting of multiple bones, may be found far from any other 
specimens, making MNE assessments virtuafly impossible without complete 
collection of all specimens for side by side comparisons. 
The results of Blumenschine's analysis indicate that attritional bone 
assemblages, at least of large herbivores, and in particular of size class 3 
[250-750 lbs] adults, are highly dependent on the degree of competition over 
carcasses. The presence of spotted hyaena, a major bone digester, is therefore 
highly significant. The primary contribution of this study is a "landscape 
taphonomic model" which posits that landscape assemblages in the 
Ngorongoro and Serengeti ecosystems can be described as resulting from 
different stages in Blumenschine's (1986a, 1986b, 1989) carcass consumption 
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sequence for large ungulate carcasses. In his linear representation (1989: 
362, Figure 6) of the process of carcass reduction, the basic kifl site assem-
blage results after defleshing and within bone tissue consumption of a car-
cass by carnivores/scavengers. From this basic formation, riparian woodland 
landscape assemblages are characterized by destruction of the axial skeleton. 
Acacia woodland and grass plains assemblages foUow from loss of nearly 
everything except the truly non-nutritional parts (atlas, frontal with horns, 
tooth rows, scapular glenoid), and the Ngorongoro assemblage pattern is 
characterized by loss of absolutely everything except these non-nutritional 
parts. It is a wonder, given this scenario, that there is a fossil record at afl. 
Fortunately, Biumenschine (1989:365) is planning long-term study of 
these assemblages, to examine "the extent to which sub-areal [sic] weather-
ing, trampling and selective burial may contribute to and/or modify the ef-
fects of hyenas." This study may provide a more comparable dataset with 
which to evaluate the similarities or differences of attritional bone assem-
blages from different East African habitats. 
FIELD METHODS 
Survey areas at Lake Turkana were chosen to represent different 
lakeshore or sedimentary environments. Surveys took place in three areas of 
the eastern lake shore: Beret, Koobi Fora, and Allia Bay. Table 5.1 fists the 
survey areas and their environmental settings and Figure 5.1 shows their 
locations. Substrate often varied within a survey area, usually due to either 
a sandy and/or muddy shoreline, or the inclusion of a lagoon or mudflat be-
hind the beach. These sedimentary variations correlated with topography. 
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Figure 5.1. Map showing survey areas by number. Shaded areas were 
surveyed by random "walk-overs." 
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Frequently, inland areas were covered with small aeolian dunes that had 
become anchored by Sporobolus spicatus (grass), resulting in a hillocky sur-
face. Old beach ridges were not often in survey areas because they occurred 
further inland. Ground cover was highly variable, with the waterline usually 
bare and Sporobolus covering areas farther inland: mudflats and lagoons 
frequently occurred between the waterline and grass-covered areas. In some 
cases, grassy areas were inundated and surface visibility was therefore low 
even near the water, this was particularly true during the first field season 
(October-November) as the lake level was rising in response to input from the 
Ethiopian Highlands (via the Omo River) where the rainy season ranges from 
April through September. Most areas are characterized by low average slope, 
with the exception of one area that included a hillside marked with approxi-
mately five old beach ridges indicating previously higher lake levels (Area 
10). 
No attempt was made to establish bone density in the area prior to 
setting up the transit, but the criteria of shoreline topography and wave-
energy level were used in choosing an area. Once a general area was chosen, 
the specific site of survey was approached by either foot or vehicle, and a 
point was spotted from a distance to set up on. A transit was used to set up 
a grid 100 x 100 m in area. The centerline and the baseline of the grid (along 
the water line) were flagged every 10 m marking out one hundred 10 m2 
quadrats or squares. The gridded area was then surveyed intensively for 
bone, with three people together pacing transects perpendicular to the water-
line, flagging all visible bone, including non-reptilian specimens. When the 
grid had been completely surveyed, I walked from square to square and 
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recorded data on all bone (fishbone, particularly if occurring in scatters, was 
noted as to family, general element [cranial vs. postcranial], and diameter of 
scatter). The data collected consisted of element, side, portion, taxon, location 
in the grid, condition (damage from gnawing, cut marks, etc.), weathering 
stage, degree of burial or shading, substrate, and maximum length. 
The centerline-baseline intersection of each grid was marked with a 
cairn of cobbles so that a survey could be conducted over the same area at a 
later date. Out often survey areas surveyed systematically, only in one case 
was a marker not located during the second field season. The lake level had 
dropped between the first and second field seasons, exposing 10 meters or 
more of previously inundated ground surface. 
Random "walk-over" surveys were conducted along the shoreline while 
searching for gal dies sites and carcasses. No attempt was made during these 
surveys to sample specific sedimentary environments, nor were observed 
specimens mapped or described in the same detail used during systematic 
surveys. In this manner, surveys were made of a 4 km stretch of shoreline 
starting from the laga II Eriet north, and of the braided channel complex of 
an unnamed laga south of Koobi Fora. In both cases, three people conducted 
the surveys walking approximately 20 m apart. Random surveys of the II 
Eriet north shoreline turned up five specimens (2 crocodile, 3 turtle), and the 
Koobi Fora laga survey produced only two very weathered crocodile elements. 
SURVEY AREA DESCRIPTIONS 
Ileret 
Human activity is high in the Ileret area. The Kenyan government 
124 
established a police post there to quell intertribal conflict and for surveillance 
of the Kenya-Ethiopia border, which lies less than 30 km to the north. The 
Dassanetch, in conflict with the Gabbra over grazing lands, have built up a 
permanent village around the police compound. Turkana people can also be 
found in the village, many setting up temporary fishing camps along the 
lakeshore north of Ileret. Most of the wild terrestrial fauna near the shore 
have been pressured out by the large numbers of cattle and goats that are 
grazed in the grasslands next to the lake. Topi were observed in fairly large 
numbers, however. Striped hyaena and jackals were observed around my 
camp area on the laga II Eriet, and warthog (Phacochoerus) remains were 
found in one abandoned gal dies camp site. 
Area 1 (Plate 5.1) was situated within the overbank muds and silts of 
the laga II Eriet delta plains. During the first field season (in September 
1990), the lake margin was marshy, with a lagoonal pond formed inside of a 
small sand bar. Smaller ponded areas were around the margins of the la-
goon. The surface around the lagoon was soft and very sandy. A small beach 
ridge ran behind the lagoon, after which a more hillocky terrain, made up of 
small aeolian dunes, dominated. Sporobolus was present, although sparse 
within 10 m of the lake. Inland, the grass was sparsest in between the 
dunes, and thickest on the tops of the dunes. The cairn marking this survey 
area was not relocated during the second field season. Some parts of the 
mudflats had deep cracks, up to 8 cm in depth and 4 cm with mud skins on 
the surface, while other less desiccated areas had been planted with maize by 
Ileret villagers. Bones found consisted of 16 Crocodylus elements, and one 
whole, dried, unidentified frog. 
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Plate 5.1. General view of Area 1, looking east. The photo was taken from 
the beach looking inland. A marshy, flooded area can be seen in the middle 
toward the left. 
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Area 2 included a high energy beach with a steeply cut beach ridge 
slightly undercut by wave action. The short 0.5 m rise of beach dropped off 
inland into a dried lagoonal area with 2-3 cm mud clasts and cracking cover-
ing the surface. Thick Sporobolus covered the hillocky terrain inland, begin-
ning, in some places, within 20 m of the shoreline. Three Trionyx and seven 
Crocodylus elements were found. 
Random surveys (walkovers) were conducted over the braided channel 
areas of the delta plain, along the shore north of the delta, and down the 
shore south of II Eriet about 6 km to a boulder strewn stretch of beach and 
mudflats. Very little bone was discovered in these walkovers, particularly in 
the braided channel complex of the delta plain, contrary to Hill's (1975) find-
ings for the delta of the laga Turn Bor. 
Koobi Fora 
The Koobi Fora area is inhabited only by Museum staff who care for 
the research station at Koobi Fora, although residents of Ileret, Allia Bay, 
and Loyangalani occasionally travel by the area along the shore. Cattle, 
sheep and goats, however, are not permitted in the park. The larger terres-
trial fauna include topi, gazelle, hippo, lions, jackals, and hyaena, and infre-
quently domestic dogs that have strayed away from their Gabbra or Das-
sanetch owners. 
Four survey areas were set up at Koobi Fora. Area 3 was situated in 
an area of inundated Sporobolus spicatus grass. In September, the first 10 m 
of the grid was in water, the next 15 m consisted of dried mud with sparse 
vegetation, and the remaining 85 m was covered by Sporobolus and included 
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two old beach ridges, one at 30 and the other at 50 meters inland. A freshly 
hatched crocodile nest that had contained approximately 16 eggs was found 
in the gridded area, 80 m from the water—the eggs were still wet with amni-
otic fluid. In January the lake had receded to the point where the whole area 
was dry, and the previously inundated section was heavily "pot-holed" with 
trampling marks of large ungulates. More crocodile nests were found in the 
area during the second field season. At both times, ground visibility was low 
toward the lake (0-30%), but high (80%) after the first beach ridge. 
Area 4 was located at the mouth of the laga II Mort, south of Koobi 
Fora, and spread across minor distributary meanders on the north side of the 
laga. Sporobolus growth was sparse where it occurred, and ground visibility 
varied widely, from 100% in channels to 50% where vegetation existed. The 
substrate was medium to fine sand overall. By January, the lake had 
dropped, exposing 15 m of clear beach, formed 0.5 m lower than the former 
waterline. Three small ponded areas had formed between levees of the larger 
channel. 
Area 5 (Plate 5.2) was located 200 m inland from the lake in the main 
channel of an unnamed laga immediately south of Koobi Fora. This area was 
not gridded, but was paced off, its extent estimated to be 40,000 m2. The 
main channel cut deeply through the escarpment, losing energy 200 meters 
east of the lake shore after cutting through two old beach ridges. Here it split 
into multiple braided channels. The area between the smallest channels and 
the shore was covered with fine silt, and some mud-cracked surfaces. Exten-
sive overbank deposits of fine silt occurred to the sides of the main channel, 
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Plate 5.2. General view of Area 5, looking north. The laga is running from 
the left foreground to the middle part of the horizon. Sprorobolus was patch-
ily distributed and so ground visibility was good to fair. 
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just before it split into the smaller channels. Ground cover consisted of 
sparse Sporobolus on the interdistributary bars. 
Area 11 (Plate 5.3) was nearly all under water during my first field 
season in September, and I chose to survey it in January for this reason. By 
then it was a sandy beach, heavily littered with sandstone cobble and boul-
ders. A sandstone outcropping and small aeolian dunes covered with 
Sporobolus occurred 100 m inland. The narrow beach dropped immediately 
into a lagoonal area. Behind the lagoon was an old beach ridge that itself 
dropped into mudflats. Ground visibility was high (80%) over the whole area. 
The most remarkable feature of this area was an extremely weathered, exfoli-
ating human femur and acetabulum I discovered amid the boulders 50 m 
inland. The other bone found included that of hippo, an unidentified small-
bodied terrestrial vertebrate, fish, and crocodile. 
Random surveys were conducted along the shore of the Koobi Fora 
spit, not including the farthest point which at the time (October) was very 
marshy and covered with high grasses. Crocodiles are abundant at the end of 
the spit, so I was somewhat hesitant to intensively survey through the fre-
quently knee-deep water. Even with the higher density of crocodiles in the 
area, the walkover turned up very little more than the fresh remains of a 
flamingo, and a few fossilized or permineralized crocodile teeth and Trionyx 
and Pelusios shell fragments. The highest density of such material was 
behind a high beach ridge on the south side of the spit, in an area covered 
with gravel, apparently exposed by deflation. 
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Plate 5.3. General view of Area 11, looking east. The transit was set up amid 
the sandstone outcrops (foreground). The actual lake margin is located in 
the middle of the photo, marked by small lagoonal ponds. 
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Allia Bay 
The Sibiloi National Park headquarters is located at Allia Bay. Other 
than the park employees who live there, few people live close to the lake. 
During my stay however, park officials were allowing Gabbra to graze and 
water their cattle within the park boundaries, immediately northwest of the 
headquarters. The cattle had overgrazed the shores in this area leaving 
complete ground visibility for approximately 2 km of shoreline. The crocodile 
population in this area appeared much higher than for any other area I sur-
veyed. Five survey areas were established here. 
Areas 6 (Plate 5.4) and 10 were set up on a peninsula approximately 
one km south of the Sibiloi Park Headquarters. Local people call the penin-
sula "the island," which it probably was when the lake level was higher. The 
majority of the peninsula is low lying, terminating with a club-shaped (tripar-
tite) hill sitting on wave-cut rocky shelves. I believe the hill is the island 
"Skimmer Bank" mentioned in the Hopson (1982) volumes. Area 6 lies 
across the narrowest section of the peninsula. The northern side of this 
section of the peninsula was low sloping, and the southern side was steep-
banked. The area was covered with fine silt, with black basalt cobbles, 
pebbles and some larger shelflike basalt outcropping present at the south-
west end. A low area ran 110 m longitudinally near the center of the area, 
and clearly had been inundated recently as evidenced by deep mud cracks on 
the surface. Sporobolus grass was sparse, and ground visibility averaged 
80%. On the peninsula, Grant's gazelle and hippo were present, as were 
large numbers of crocodiles and aquatic birds. The waterline was vegetated 
and very muddy, and reed marshes ran the length of the northern side of the 
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Plate 5.4. General view of Area 6, looking northeast. The ground is littered 
with basalt cobbles and a marsh can be seen in the middle and left of center. 
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low lying section. Deep hippo footprints were common in the mud. 
Area 10 was located on the east side of the peninsula's terminus, a 
large Sporobolus grass covered bill. A silty substrate underlay the grass and 
was dry and cracked in some areas. Ground visibility was good, up to 75% 
over the area. Approximately six old beach ridges could be seen on the sur-
face of the hill, crosscut by many game trails, some of which were mainly 
hippo trails as indicated by large depressed areas of mud-covered grass. At 
the base of the hill, on the northeast side, the substrate became silty-sand, 
and marshes began at the lake margin. Bones found on the surface of the 
more sandy parts appeared to be dissolving where they were in contact with 
the ground. Hippos, gazelle, crocodiles and aquatic birds were common in the 
area. Hippo trampling marks were frequent and in January, a whole croco-
dile femur was found sticking vertically out of a hippo footprint where silt 
had filled in around it, burying the lower three-quarters (Plate 5.5a & b). 
Area 7 was in the area of a small campsite set up by the Sibiloi Park 
Headquarters for visitors that come across the lake from Ferguson's Gulf. 
The camp consisted of a sign and a trash can made from a 2001 drum. A 
vehicle track crosscut the area diagonally. The campsite is subject to heavy 
inundation when the lake level rises, and I suspect it is not heavily used 
because of this and because visitors are rare. The survey area was bordered 
on three sides by water—marshy vegetation on one and a half sides, and a 
steep grassy bank dipped into the lake outside the survey boundaries on the 
third side. Sporobolus grass covered the area fairly evenly, with visibility less 
than 50%. There was little slope over the area. Crocodiles could be seen in 
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Plate 5.5a. Vertically buried crocodile femur near Area 10. It apparently fell 
into a large footprint. Hippo tracks can be seen in the mud surrounding it. 
Plate 5.5b. Vertically buried crocodile femur near Area 10, exposed. No 
breakage or damage was apparent. 
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the water to the north. 
Area 8 and 9 at Allia Bay are both high wave-energy beaches on the 
shore north of the Sibiloi Park Headquarters. Both are low sloping and 
covered with sand with small pebbles common inland. Movement of bone 
into the ground would be slowed by the large grain size (pebble) of the sub-
strate—it was extremely difficult to push the survey pin-flags into the ground 
in both areas. Sporobolus grass was present only as small dry nubs, the rest 
grazed away by herds of goats brought in by the Gabbra, who were allowed 
into the park during my field study. Ground visibility was 100%. 
Random surveys were conducted in a low-lying area of bush, formerly 
inundated; at the north end of Allia Bay, in a salt bush area next to a reed 
marsh, south of the Park Headquarters in an area covered by salt bush that I 
was told had been inundated before the 1970s; and on the peninsula where 
Areas 6 and 11 were located. 
ANALYSES AND RESULTS 
Bone Densities and Spatial Patterning 
My examinations of attritional assemblages and modern human short-
term campsites in lacustrine contexts suggests that Behrensmeyer's (1983) 
use of MNI in differentiating archaeological from natural attritional bone 
assemblages may not always work. As the figures in Appendix A indicate, 
bones in attritional contexts are not always highly dispersed. Bones on the 
landscape derive from whole carcasses, of course, and hence the potential for 
clustering of remains (i.e., high NISP within a restricted area), is great. 
Rather than thinking of attritional assemblages as the result of a "persistent 
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'rain' of attritional bones onto a land surface" (Behrensmeyer 1983:95), which 
implies evenness, it may be heuristically more valuable to think of them as 
the result of "infrequent, localized downpours." Individual bones are not the 
original unit, instead, whole carcasses "rain" down onto the surface. 
Blumenschine's (1989) study emphasizes the role that carnivores, including 
scavengers, play in reducing the numbers of bones that can potentially con-
tribute to the fossil record, but the original input must be considered. Small 
bones, such as phalanges, carpals, and tarsals were poorly represented in his 
study, and caudal vertebrae, patellae, and stemums were not found in any 
transect. Although he attributes the lack of the latter three elements to 
consumption by carnivores, the low representation of the former are probably 
due to early burial, or because they were obscured by grass or other ground 
cover. It is possible that the subsurface assemblages in his transects are 
marked by high numbers of these smaller bones, possibly clumped in a distri-
bution mirroring the original input of carcasses. Hence, contrary to what 
Behrensmeyer (1983) has argued, low MNI in survey areas may be a surface 
phenomenon, but not one characterizing buried assemblages, particularly in 
areas of high carcass input. The potential for high MNI within a restricted 
area may also be great within the restricted zone of a lake margin, or other 
water source, over long periods of time. As will be discussed in Chapter 7, 
short term occupation sites may or may not produce high densities of re-
mains, with reference to either MNI or NISP, and therefore using MNI as a 
measure of dispersion, which in Behrensmeyer's (1983) sense means a as 
marker of high-density archaeological sites versus supposed low-density 
attritional assemblages, can lead to inferential errors. 
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In my gridded survey areas, bone was concentrated near the shoreline 
and was scarce or absent in grid cells farther away from the lake. I found the 
remains offish, amphibians, birds, turtles, crocodiles, hyaena, cows, sheep/ 
goat, gazelle, zebra, topi, hippo and even one human within 200 meters of the 
lake. 
Bone densities (NISP/m2) were low in all survey areas, ranging from 
zero to 0.0361 specimens per m2 (Table 5.2). The highest densities occurred 
in the Allia Bay area, reflecting, in my opinion, the greater number of croco-
diles resident in that area, and probably the higher ground visibility there as 
well. Crocodile nests, with the remains of hatched eggs, were frequently 
found in the Koobi Fora area, as were a number of recent crocodile carcasses 
(north of the Koobi Fora spit), but overall the greater amount of grass cover 
there probably impeded location of surface materials. Turtle remains were 
extremely rare in all surface samples, accounting for only 3% of all samples 
combined. 
Area 7, at Allia Bay, had the highest density (0.0361 specimens per 
m2), but contained four relatively complete crocodile carcasses, all ravaged 
and somewhat disarticulated, but with scattered parts reasonably identifi-
able as to individual. All three of these carcasses still had large articulated 
body segments, such as portions of the axial skeleton or limb segments. 
Within Area 7,19% of the cells contained specimens, the greatest count being 
92, and the lowest 1. In contrast, the area with the second highest bone 
density, Area 10, with 0.0094 specimens per m2 had bones in 18% of the cells, 
but an average cell count of only 5.2. Articulated elements in this area in-
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Survey 
Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Area 
(nf) 
10,000 
10,000 
10,000 
10,000 
40,000 
9,600 
10,000 
10,000 
10,000 
10,000 
10,000 
MNI 
1 
2 
0 
1 
1 
3 
7 
2 
4 
4 
1 
NISP 
16 
14 
0 
1 
2 
75 
361 
20 
72 
94 
4 
Density 
(NISP/m2) 
0.0016 
0.0014 
0.0000 
0.0001 
0.00005 
0.0080 
0.0361 
0.0020 
0.0072 
0.0094 
0.0004 
Table 5.2. List of attritional assemblage bone densities. Areal extent, MNI, 
and NISP are also shown. 
139 
eluded only a few sets of crocodile scutes still held together by adhering skin, 
and one small segment of six articulated crocodile caudal vertebrae. 
Area 3, with no specimens, had probably the lowest average visibility, 
most of it being covered with green Sporobolus grass which may have contrib-
uted to not finding any bones. The shoreline area north of the Koobi Fora 
spit is marshy and grass-covered, whereas the shoreline south of the spit is 
characterized by sandy, somewhat foreshortened beaches, with frequent 
lagoonal mudflats behind the beaches. Area 10 at Allia Bay was covered with 
dry Sporobolus, and from casual observation would seem to have had poor 
ground visibility. This area and others covered with dry grass had consis-
tently good visibility nonetheless. 
While some information can be gained by comparing the surface as-
semblages densities through the very crude measure of density (specimens/ 
m2), this relates nothing about the arrangement of specimens in a survey 
area. A very promising means of examining the patterning in these attri-
tional assemblages is through autocorrelation statistics, a realm of point 
pattern analysis that can be used to examine the distribution of points over 
space (Boots and Getis 1988). Spatial autocorrelation has been used in a 
wide array of fields, including geography (Bennett and Haining 1985; Cliff 
and Ord 1973,1975,1981; Getis 1983), geology (Agterburg 1970), epidemiol-
ogy (Bailey 1975; Haggett 1976, Mollison 1977), ecology (Jumars 1978; Sokal 
1983), genetics (Sokal and Menozzi 1982; Menozzi et al. 1978), and archaeol-
ogy (Hodder and Orton 1976). The value of autocorrelation lies in the fact 
that, unlike the theoretical foundation of nonparametric statistics, the inde-
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pendence of any one point from any other is not assumed, and therefore the 
phenomenon of interdependence can be explored. Spatial autocorrelation 
"exists whenever a variable exhibits a regular pattern over space in which its 
values at a set of locations depend on values of the same variable a t other 
locations" (Odland 1988:7). Spatial autocorrelation may be positive or nega-
tive, in that the occurrence of values depends on like values at other locations 
(positive), or they may depend on unlike values (negative). In terms of exam-
ining the distribution of bones on the landscape, this approach can be highly 
informative, since it allows one to test hypotheses about interdependence and 
distribution processes rather than requiring assumptions about them. 
The statistic used here is Moran's I, a form of standardized autocovari-
ance, calculated as: 
I = n SSWjj(zj-5)(xj-x) 
ZZwjj S(xi -x)2 
where n represents the number of cells in the grid, and the double summa-
tion represents the sums of all the pairs of cell counts across the entire 
gridded area (all xf versus XJ differences). The term w;j represents a weight-
factor indicating the contiguity between two localities, or in my survey areas, 
between cells in the grid. Contiguity is a measure of proximity. The weight-
ing scheme used represents a priori considerations about the processes affect-
ing the distribution of points. In the case of the 100 x 100 m gridded areas 
defining a survey area, the specimen counts for each of the 100 10 x 10 m 
cells were examined. The weighting scheme represents potential lateral 
movements of bones away from the presumed original location of a whole or 
partial carcass. A simple dichotomous weighting scheme was used, so that 
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wjj=l indicates that two cells share a boundary edge (rook's case, using the 
game of chess as an analogy). Where cells do not share a boundary, WJJ = 0. 
The diagonal contiguity of cells was not considered in the weighting scheme, 
since the corners of any cell represent only a minimal area. 
The expected value for Moran's I, under assumption of randomization, 
is calculated as: 
E (I) = - (n -1) -l 
A more complete description of the calculation of Moran's I is given in Cliff 
and Ord (1973) and Boots and Getis (1988). All Moran's Ts presented here 
were calculated under the assumption of randomization, that is assuming 
that all cell counts represent "random independent drawings from one (or 
separate identical) population(s) with unknown distribution function(s)" (Cliff 
and Ord 1973:29). In other words, the null hypothesis being tested is that 
the cell counts in each grid are independent of one another, and that every 
cell has equal chance of having the same specimens count. The expected and 
observed Moran's I values are compared against the normal distribution (z) 
with the equation: 
_JI-E(I)J 
Vvar (I) 
The results of this analysis demonstrate that there is great variability 
in the spatial patterning of the survey areas. Only areas with NISP > 10 
were analyzed in this way, and additionally, Area 1 had no contiguous cells, 
and therefore was also excluded from the Moran's I calculations. Table 5.3 
lists the values for Moran's I, and their corresponding z-scores and probabili-
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ties. 
As Table 5.3 indicates, positive spatial autocorrelation characterizes 
three survey areas, Areas 6,7, and 10. These are also the areas with the 
highest NISP values, respectively, 75, 361, and 94. I must emphasize, how-
ever, that there is no reason to assume a positive relationship between 
sample size and potential for spatial autocorrelation. For example, Area 9, 
with an NISP of 72 demonstrates negative spatial autocorrelation. 
The next question to ask about the distribution of bone specimens in 
the survey areas is whether it is random. Spatial autocorrelation may occur 
through random processes, although the chances of this are low. As a means 
of checking for Complete Spatial Randomness, I calculated the expected 
probabilities of cell count frequencies under a Poisson distribution (sample 
mean is equal to sample variance). In a Poisson model, or more precisely, a 
distribution caused by a Poisson point process, two assumptions are made. 
The first is that the probability of a point occurring in a single location is 
equal to the probability of a point occurring in any other location, and the 
second is that the occurrence of any point is independent of the occurrence of 
any other point. I included in this analysis only those areas having greater 
than 10 specimens (54% of total sample). Table 5.4 shows the resulting t-
statistics, probabilities, and interpretations for the comparisons of the means 
and variances. 
Among the survey areas included in this analysis there is overwhelm-
ing concurrence to a Poisson distribution. The Poisson distribution is charac-
terized by a high frequency of cells (or locations) having no or very low num-
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hers of bone specimens, and low frequencies of cells have high numbers of 
bones. Only one distribution, Area 7, is not indicative of a Poisson process. 
This area was marked by four recently added crocodile carcasses, all of which 
consisted of large articulated segments, with other smaller articulated seg-
ments and singular elements scattered about. The high variance is attribut-
able to the few cells with very high specimen counts (the highest was 92) and 
the 81 cells with no specimens. Clearly, the clustering at Area 7 is affected by 
the presence of these articulated segments. If these carcasses were to be 
examined years later, after being subjected to weathering and disarticulation, 
it is probable that they would produce a different pattern. 
Table 5.5 compares the results of the spatial autocorrelation analysis 
with that of the tests for Poissonian random distribution. The lack of auto-
correlation at three of the survey areas may reflect low specimen numbers 
(NISP), which in turn may be related to the length of time the specimens 
have been exposed. An extremely interesting direction for future research 
would be examining autocorrelation in two dimensions—both space and time. 
Long-term investigations of well-defined areas of bone input may allow for 
statistical description of the processes responsible for the assumed deteriora-
tion of a highly clustered (contagion) patterning of bone distribution into a 
random Poissonian one, whether these be related to loss of surface specimens 
through sampling error, weathering, burial, or some other destructional force. 
The Poisson distributions common in the survey areas appear to have 
the high count cells located nearest to the water. This factor, combined with 
the origin of most bones from whole caicacses, accounts for the positive spa-
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Survey Spatial 
Area 
1 
2 
6 
7 
8 
9 
10 
Dis t r ibut ion 
Poisson 
Poisson 
Poisson 
highly clustered 
Poisson 
Poisson 
Poisson 
Autocorre la t ion 
none 
none 
positive 
positive 
none 
negative 
positive 
NISP 
16 
14 
75 
361 
20 
72 
94 
Table 5.5. Results for test of Poissonian randomness. Comparison to 
spatial autocorrelation results for each area also given. 
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tial autocorrelation seen in Areas 6, 7, and 10. Examination of the survey 
area maps in Appendix A, moreover, indicates that even in Area 9, which has 
negative autocorrelation, the bones are concentrated in rows nearer to the 
lake margin. The nonparametric Kruskal-Wallis one-way analysis of vari-
ance was used to examine the significance of this apparent patterning. This 
nonparametric test is useful for examining data that are not normally distrib-
uted and that are not independent (Seigel and Castellan 1988). The distance 
of each specimen from the water is measured by row number—grid rows ran 
parallel to the waterline at 10 meter intervals with row 1 abutting the water, 
and row 10 lying 100 m inland. Independence cannot be assumed for speci-
mens lying in adjacent rows, or even across the entire grid. The dependent 
variable, NISP, is examined across the rows of the grid. Areas 3 ,4 ,5 , and 9 
are excluded due to insufficient NISP. Table 5.6 shows the results of these 
tests. 
The Kruskal-Wallis one-way analysis of variance, like a parametric 
analysis of variance, does not provide information about the location or direc-
tion of significant differences between factor levels. In these cases, however, 
a glance at the survey area maps (Appendix A) is sufficient to conclude that 
the bone specimen distributions are skewed by proximity to the water. The 
one insignificant Kruskal-Wallis statistic, for Area 6, is easily accounted for 
by the layout of that grid, which was bounded on the first and last row by the 
lake. 
This study also shows that bones in attritional contexts are not always 
highly dispersed, and the chance for apparent clustering, or positive spatial 
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Survey Kruskal-Wallis Probability 
Area 
1 
2 
6 
7 
8 
9 
10 
Test Statistic* 
14.73 
24.00 
8.68 
189.33 
13.13 
51.64 
53.31 
(P< x) 
0.00 
0.01 
0.07 
0.00 
0.00 
0.00 
0.00 
df 
3 
1 
4 
6 
3 
6 
8 
* when df=l, the Mann-Whitney U Test Statistic is given instead 
Table 5.6. Kruskal-Wallis test results examining bone density 
distibutions. 
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autocorrelation created by Poisson random processes, appears great. The 
randomly derived positive spatial autocorrelation seen in the attritional 
assemblages can be attributed to the lake itself—higher cell counts were 
found closer to the lake margin. It is clear, as was expected, that the lake 
margin is the primary factor affecting the attritional accumulations of the 
aquatic reptiles. 
Weathering 
The value of weathering information for the interpretation of palaeon-
tological assemblages has been debated (Behrensmeyer 1978; Lyman and Fox 
1989), but discussions of weathering have still been incuded in descriptions of 
taphonomic and early archaeological faunal assemblages (Gifford 1977; Potts 
1988). Behrensmeyer's (1978) original work on weathering included large 
scale sampling of the six major habitats in Amboseli National Park, Kenya. 
Her aim was to investigate bone weathering characteristics and the relation-
ship among decomposition and time since death and micro- and macro-envi-
ronmental factors. Amboseli habitats were surveyed and the bone samples 
compared to animal census data and the condition of carcasses was examined 
in those cases where exact dates of death were known. In sum, Behrensm-
eyer sought to evaluate bone weathering data as a means of reconstructing 
past populations. She (1978:159) defines the term attritional as referring to 
assemblages "composed of carcasses added continually through death by 
predation, starvation, disease, etc." 
This is contrasted, however, with Potts' (1988:52) use of the term attri-
tional (versus catastrophic) to refer to both the Amboseli landscape assem-
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blages described by Behrensmeyer (1978) and to the assemblage from a mod-
ern spotted hyaena den. In my opinion, a hyaena den is not an attritional 
assemblage, but rather a set of bones and/or carcasses selectively and actively 
brought together at a locale of limited size. A hyaena den may represent a 
single accumulation event, accumulation over a range of time, or even re-
peated accumulation events separated by hiatuses of no deposition. An 
attritional assemblage forms by various processes on the landscape the 
boundaries of which are determined by characteristics of the habitat or by 
surveying techniques aimed at sampling a much larger area—not at specific 
points on the landscape, nor by single agents of bone accumulation. 
From her examination of weathering profiles from modern habitats, 
Behrensmeyer (1978:159) concluded that: 
Simple ratios of fresh to weathered bones may also provide 
important taphonomic evidence concerning the attritional or 
non-attritional nature of the original assemblage. 
An attritional assemblage, by virtue of having formed by continuous input of 
carcasses and carcass segments onto the landscape, should produce weather-
ing profiles with all or nearly all weathering stages represented. Short-term 
input, as from a briefly occupied campsite, will have only one or a very few 
weathering stages represented, since input was a short event and presum-
ably ceases or greatly decreases after the site is abandoned. Sites that are 
repeatedly occupied may appear bimodal or multi-modal. The profiles for the 
carcasses from the six Amboseli habitats all have each weathering stage 
151 
represented, from 0 to 5, and all (except for the Dense Woodland profile) are 
unimodal and approximately symmetrical about the mode (Figure 5.2). 
In the study of Lake Turkana aquatic reptiles, bone weathering varied 
tremendously across survey areas, but for the most part the higher the den-
sity of specimens, the greater the number of weathering stages observed 
(Figure 5.3 and Table 5.8). Area 7, with its four relatively recent carcasses, is 
the exception to this rule, instead being characterized mostly by Stage 0 
specimens. This area may represent what Behrensmeyer (1978) calls a "pre-
dation patch," an area favored by carnivores for ambushing prey. However, 
no bushes or other cover, other than medium to short grass, was available in 
Area 7 to conceal a predator, and the method by which crocodiles are sur-
prised by terrestrial predators is left to the imagination. The subaquatic 
zone in this area was marshy for approximately 100 meters away from the 
land and may attract higher densities of aquatic reptiles than more open 
areas of shoreline. These higher prey densities may in turn attract carni-
vores. As Figure 5.3 shows, three areas, 6, 8, and 9, had very similar weath-
ering profiles dominated by W.S. 1 specimens, but characterized by a range of 
weathering stages. Area 10 did not have this type of left-skewed profile, but 
rather had a more U-shaped distribution across the weathering stages. The 
weathering profile of Area 2 appears similar to that of Area 10, but is lacking 
the tail-end of the distribution, that is, it has no specimens in the ultimate 
stage. Areas 1,4,5, and 11 had specimens in only one or two weathering 
stages. Area 7, even though it has specimens in three stages, has been in-
cluded in this latter group since in terms of percentages, two of the three 
stages represented were occupied by 99.72% of the sample. 
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Survey 
Area 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
Total 
0 
0 
0 
0 
0 
14 
321 
4 
24 
10 
0 
375 
1 
13 
1 
1 
0 
38 
39 
10 
39 
14 
3 
158 
Weathering Stage 
2 
1 
3 
0 
0 
8 
0 
3 
5 
29 
0 
49 
3 
0 
5 
0 
2 
8 
1 
1 
4 
27 
1 
49 
4 
0 
5 
0 
0 
3 
0 
0 
0 
29 
0 
37 
5 
0 
0 
0 
0 
3 
0 
2 
0 
3 
0 
8 
Indet 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
3 
Total 
NISP 
16 
14 
1 
2 
75 
361 
20 
72 
112 
4 
679 
Table 5.8. Attritional assemblage weathering data. Total number of 
identified specimens in each weathering stage for each survey area. 
Area 3 had no specimens, therefore it is not listed. 
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A useful means of comparing the shape and location of the weathering 
profiles of the survey areas represented by more than two weathering stages 
(Areas 2,6,8, 9 & 10) is offered by the Kolmogorov-Smimov two-sample test. 
This test is nonparametric, and therefore makes no assumptions about the 
normality of the population distribution. A probability estimate is derived 
from the maximum difference between two sample cumulative distribution 
functions. For this test, percent NISP is used (see the histograms in Figure 
5.2). The Kolmogorov-Smimov two-sample test does not distinguish between 
the distributions from Area 2 versus 10, nor between those from Area 9 ver-
sus Areas 6 and 8 (p=O.O5). Comparison of Area 6 versus 8, however, shows 
them to be different from each other (p=0.02). The difference between these 
two profiles is probably relates to the lack of W.S. 4 specimens in the Area 8 
assemblage, since in other respects the profiles appear similar. 
Before proceeding, I must stress that in my opinion, equifinality is a 
obvious pitfall in reconstructing assemblage formation histories based on 
bone weathering alone. The same weathering profile conceivably can be 
created by different bone input and sedimentation patterns. Likewise, the 
amount of vegetation cover on the landscape protecting bones from damage 
by sun, wind, and rain can change over the temporal span of a single, con-
tinuously active depositional period, thus altering the conditions under which 
the bones weather, leaving some to deteriorate quickly while protecting oth-
ers. Having presented this caveat, I offer below various possible formation 
scenarios for the attritional assemblages. 
The left-skewed distributions of Areas 6, 8, and 9 indicate recent input 
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to the landscape, with the remnants of previous input still remaining on the 
surface. Behrensmeyer (1978) interpreted similar left-skewness in her Am-
boseli swamp sample as an indication that bone weathering rates there were 
slower due to moist conditions. I argue however, that left-skewness indicates 
only recently high input rates, not slower weathering rates. Input into Area 
2 appears to have ceased, and may have slowed down considerably before 
stopping. The fact that weathering stages 3 and 4 are better represented 
than earlier stages may indicate a higher level of input in the past, or it may 
be the result of irregular time intervals for each of the weathering stages. 
Area 10 is very interesting in that it is a hillside marked by numerous old 
beach ridges (Appendix A). The hill was previously an island, but has con-
nected to the mainland as the lake has receded over the very recent past, 
within the last 20 years or less, hence it is likely that most of the bones, 
particularly those showing gnawing damage, date from the time since the 
lake's recession. At the time of the study, the lowest beach ridge lay approxi-
mately 30 m from the water line, and the highest was 100 m away. Grass 
cover over Area 10 was moderate, but visibility was still fairly high. The grid 
on Area 10 was set up so that the beach ridges were marked off within the 10 
m units running perpendicular to the water line (and hence, the beach 
ridges). The first two rows of the grid, and most of the third, lay below the 
first beach ridge, the fourth lay just on it, the fifth, mostly on the next ridge, 
and so on, going up the slope. The correspondence between rows and beach 
ridges is not exact, but nevertheless, each row represents 10 m further ups-
lope. The distributions of both weathering stages and distance from the 
water in all survey areas are skewed, with biases toward the earlier weather-
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ing stages (0-2) and proximity to the water. These non-normal distributions 
call for examination with nonparametric tests. Looking at scatterplots of 
weathering stage by distance from the water (Figure 5.4), it is clear that the 
material lying farther away from the water is older (i.e., more weathered). 
For Area 10, this suggests that bones farther up the hill probably date to 
when the waterline was forming the corresponding beach ridge. The croco-
dile population around Allia Bay is large, and basking crocodiles, wary of 
humans, can be seen around the entire periphery of the peninsula. Some of 
the remains scattered about Area 10 are probably the result of carnivore 
predation and scavenging, and the patterning of weathering stages with the 
slope of the hill may reflect a combination of hydraulic-related deposition of 
bones and carnivore feeding activities. 
Scatterplots of the other areas show that Areas 8 (NISP=20) and 9 
(NISP=72) have distributions similar to Area 10, with more highly weathered 
material lying farther from the waterline (Figure 5.4). The overall pattern in 
these three areas, with unweathered bone located closest to the waterline and 
more weathered bone found farthest from the waterline, clearly indicates 
that bone weathering in the reptile remains reflects, to some degree, time 
since exposure. These results demonstrate that Behrensmeyer's (1978) 
weathering stages are valid in describing an ordinal pattern in the deteriora-
tion of reptile bone as it relates to exposure duration. As Lyman and Fox 
(1989) have argued, Behrensmeyer's (1978) original study on bone weather-
ing equated the ordinal scale of bone weathering with time since death of the 
carcasses in her sample. Accumulation history and duration of exposure of 
individual specimens do not measure time since death, however, and these 
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Figure 5.4. Scatterplots of weathering stage by row number. Row num-
ber represents distance upslope, each interval equals 10 m. The size of 
the circle represents percent NISP (standardized to fit on the scatterplots 
as LOGK%NISP)). 
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various definitions of Time cannot be interchanged (Lyman and Fox 1989). 
The Lake Turkana attritional assemblages substantiate the use of bone 
weathering data to examine duration of exposure in aquatic reptile bone 
assemblages. 
Area 2, with an NISP value of 14, does not conform to this general 
pattern, rather this area shows a negative relationship between weathering 
stage and distance from the waterline. This pattern may reflect carnivore 
activity in the area by which more recently exposed specimens (e.g., from a 
recent kill/death) were spread farther inland by scavengers. Area 6 is not 
amenable to this type of analysis: it is located in the narrow midsection of 
the peninsula at Allia Bay, and so both the "top" and "bottom" of the grid were 
located along the waterline. The middle of Area 6 is a low area, formerly 
ponded (Appendix A). The south corner of the area is lower than the western 
corner, both located along the "top" of the grid. Bone was most common along 
the more northerly side, which is marshy, and the lower areas of the middle 
and the southern corner. Interestingly, all five weathering stages were 
present along the lower northern waterline, but only stages 0-2 were present 
on the southern side, which is topographically higher. This higher side 
should have been exposed longer, and hence one would expect more weather-
ing stages to be present there rather than on the more recently exposed 
surface. Lacking the marshy vegetation of the northern side, and having a 
steeper bank, the southern side is probably less favored by crocodiles and 
other marsh fauna (e.g., geese, Trionyx) and this is reflected in the lesser 
bone accumulation. In general, bone densities wre highest in areas located 
near marshes or vegetated shallows (Areas 6, 7, and 10). These area may 
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offer the greatest amount of cover fish and smaller aquatic reptiles (i.e., 
juvenile crocodiles) (Graham 1968). The higher densities of prey species in 
these area may also serve to attract terrestrial and aquatic carnivores and 
therefore higher rates of predation resulting in higher attritional bone densi-
ties. 
Using the nonparametric Kruskal-Wallis one-way analysis of variance 
of weathering stage by distance (row number), the patterning of older (i.e., 
more weathered) material lying farther from the waterline is found to be 
significant at Areas 2, 9, and 10 (Table 5.9). The same patterning at Area 8 is 
not significant. These results are significant in validating the use weathering 
stages in fossil assemblages as a measure of duration of exposure. 
Areas subjected to seemingly less frequent input include areas 1, 4, 5, 
7, and 11. These areas are represented by only one or two weathering stages, 
which may indicate that the bones were brought to the area by a terrestrial 
agent such as a predator or scavenger, or perhaps represent a decimated kill 
site. For example, the remains of a single medium-size crocodile comprised 
the material from Area 1: articulated dorsal vertebrae, caudal vertebrae and 
chevrons, a few ribs, and a dentary. Gnawing damage was present on a 
number of the vertebrae. Area 5, situated further inland than the other 
survey areas, contained only two specimens, an ilium and a humerus, both 
fairly weathered (W.S. 3), and probably from the same crocodile. Area 7, with 
the highest overall density (NISP=363) contained four fairly intact crocodile 
carcasses, recently killed, and the weathering profile reflected the recent 
nature of the assemblage—one Trionyx pleural (W.S. 3) was the only clearly 
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Kruskal-Wallis Probabi l i ty 
Area Test Statist ic* (p < x) df 
2 23.00 0.03 1 
8 6.55 0.09 3 
9 38.53 0.00 6 
10 66.65 (X00 8 
*when df=l, Mann-Whitney U Test Statistic given instead 
Table 5.9. Kruskal-Wallis test results examing bone weathering distribu-
tions. 
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non-recent addition to the area. 
Although the range of variation in the areal bone densities and weath-
ering profiles appears great in these assemblages, for the most part certain 
patterns can be identified. First, bone density is extremely low in all areas 
except one marked by a clearly high level of carnivore activity (Area 7). Even 
in areas with lower densities, carnivore involvement in the assemblages can 
still be demonstrated by gnawing damage to specimens. This indicates that 
carnivores are active in the lake margin zone, and are either scavenging 
attritional deaths of these aquatic reptiles, or actively preying on them. 
In terms of the weathering profiles, half of the survey areas have 
profiles similar to what Behrensmeyer (1978) described for the Amboseli 
habitats-roughly uniform distributions of weathering stages with specimens 
ranging from unweathered (W.S. 0) to very weathered (W.S. 5). The other 
half of the survey areas were marked by low bone representation and there-
fore nonuniform weathering profiles-spedfically, profiles in which only one or 
two weathering stages were represented. In the case of Area 1, the crocodile 
specimens were clearly the remains of one individual, similarly the two speci-
mens from Area 5 also represent one individual. These two cases indicate 
that the specimens arrived on the surface at the same time (as part of a 
single carcass) and proceeded through the weathering stages outline by 
Behrensmeyer (1978) at approximately the same rate. Although this re-
search does not provide definitive proof, it does suggest that Behrensmeyer's 
(1978) use for estimating time-since death of carcasses from bone weathering 
data may actually hold true, contrary to Lyman and Fox's (1989) criticisms. 
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Further support for this would be gained from examination of the Area 7 
crocodiles as they distintegrated from exposure to weathering processes. 
Breakage a n d Surficial Damage 
Damage in the attritional assemblages was confined primarily to 
gnawing by carnivores, evidenced by tooth punctures, pitting, and general 
loss of prominent points or processes on bones from gnawing activity. The 
discussion here will exclude Area 7 for which the damage patterns will be 
discussed in Chapter Six, relative to carcass utilization patterns. Table 5.10 
fists descriptive statistics for the crocodile and turtle samples separately and 
combined for each survey area. 
Of the turtle specimens, 37.11% NISP showed gnawing damage. This 
included some shell parts. The crocodile sample had 23.48% NISP with 
toothmarking. For the crocodiles, toothmarking was found on cranial, axial, 
and appendicular parts, with nearly equal amounts in the latter two catego-
ries (Table 5.11a). The turtle attritional assemblage consisted only of appen-
dicular and shell elements, both of which showed some toothmarking, with 
more damage on appendicular specimens (Table 5.11b). Interestingly, there 
was a significant difference in the size of gnawed versus ungnawed specimens 
in the crocodile sample. The ungnawed sample was significantly smaller 
with respect to maximum length (mean = 8.63 cm, S.D. = 8.56), while the 
gnawed sample was larger (mean = 11.77 cm, S.D. 8.63). The standard devia-
tions are similar, indicating a similar range of values in the two samples. A 
Kolmogorov-Smimov one-sample test using a standard normal distribution 
shows that the crocodile sample is significantly different from a normal dis-
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Length (cm) 
Area Taxon min max mean SJ>. median NISP MNI 
1 
2 
4 
5 
6 
7* 
8 
9 
10 
11 
C. niloticus 
C. no teeth/scutes 
Overall 
C. niloticus 
Testundines 
Overall 
C. niloticus 
Overall 
C. niloticus 
Overall 
C. niloticus 
C. no teeth/scutes 
Overall 
C. niloticus 
C. no teeth/scutes 
lestundines 
Overall 
C. niloticus 
C. no teeth/scutes 
lestundines 
Overall 
C. niloticus 
C. no teeth/scutes 
Testundines 
Overall 
C. niloticus 
C. no teeth/scutes 
Testundines 
Overall 
C. niloticus 
Overall 
2.50 
3.00 
2.50 
4.50 
9.50 
4.50 
6.00 
6.00 
4.20 
4.20 
1.00 
1.50 
1.00 
1.50 
1.50 
13.00 
1.50 
0.50 
2.50 
2.50 
0.50 
1.00 
1.00 
1.00 
1.00 
2.30 
2.50 
4.80 
2.30 
11.70 
11.70 
33.50 
33.50 
33.5 
28.00 
12.00 
28.00 
6.00 
6.00 
7.30 
7.30 
39.00 
39.00 
39.00 
41.00 
41.00 
13.00 
41.00 
27.00 
27.00 
2.50 
27.00 
15.00 
15.00 
10.00 
15.00 
42.00 
42.00 
19.00 
42.00 
27.50 
27.50 
7.93 
8.67 
7.93 
18.02 
10.83 
16.49 
6.00 
6.00 
5.75 
5.75 
7.73 
8.12 
7.73 
7.62 
7.81 
13.00 
7.63 
11.28 
12.55 
2.50 
10.84 
4.17 
8.33 
3.45 
4.17 
12.92 
16.29 
14.11 
13.11 
17.73 
17.73 
7.65 
7.92 
7.65 
8.55 
1.26 
8.11 
-
2.19 
2.19 
7.59 
7.71 
7.60 
5.98 
6.03 
— 
5.98 
8.62 
8.21 
— 
8.62 
3.24 
4.59 
3.21 
3.24 
10.19 
10.63 
5.98 
9.62 
6.97 
6.97 
5.40 
5.75 
5.40 
16.50 
11.00 
16.25 
6.00 
6.00 
5.75 
5.75 
5.00 
5.00 
5.00 
4.00 
4.00 
13.00 
4.00 
7.00 
15.00 
2.50 
7.00 
4.00 
7.60 
3.00 
4.00 
9.65 
13.20 
19.00 
10.20 
15.85 
15.85 
16 
14 
16 
11 
3 
14 
1 
1 
2 
2 
75 
70 
75 
363 
348 
1 
364 
19 
17 
1 
20 
62 
14 
10 
72 
94 
63 
18 
112 
4 
4 
2 
3 
3 
6 
1 
7 
1 
1 
2 
2 
2 
4 
3 
1 
4 
1 
1 
* Area 7 contained four relatively complete crocodile carcasses. These remains are more 
fully discussed in Chapter Six. 
Table 5.10. Descriptive statistics for attritional assemblage specimen 
lengths. 
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Total % 
Site cranial axial append. Gnawed 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
Overall 
0.00 
0.00 
0.00 
N/A 
0.00 
25.00 
0.00 
N/A 
3.85 
0.00 
3.61 
30.77 
0.00 
N/A 
0.00 
36.00 
91.74 
16.67 
62.50 
73.68 
N/A 
38.92 
N/A 
N/A 
N/A 
0.00 
52.94 
43.00 
11.11 
100.00 
50.00 
33.33 
41.48 
28.57 
0.00 
0.00 
0.00 
35.53 
75.35 
8.00 
47.83 
32.88 
6.67 
23.48 
Table 5.11a. Attritional assemblage percent NISP of crocodile specimens 
gnawed. "Total % Gnawed" is based on overall NISP for the taxon. N/A 
(not applicable) indicates that skeletal part category not present in the 
assemblage. 
Site 
2 
7 
8 
9 
10 
Overall 
cranial 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
axial 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
append. 
0.00 
100.00 
N/A 
60.00 
N/A 
53.33 
shell 
N/A 
N/A 
0.00 
0.00 
55.56 
18.52 
%NISP 
0.00 
100.00 
0.00 
30.00 
55.56 
37.11 
Table 5.11b. Attritional assemblage percent NISP of turtle specimens 
gnawed. "Total % Gnawed" is based on overall NISP for the taxon. N/A 
(not applicable) indicates that skeletal part category not present in the 
assemblage. 
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tribution with respect to maximum specimen length (p < 0.00). Because of 
this, a Mann-Whitney U Test was used to evaluate the significance of the 
difference between lengths of the gnawed versus the ungnawed samples 
(Mann-Whitney U Test Statistic = 5394.0, p £ 0.00), indicating the gnawed 
sample is significantly different in length. 
Breaking down the sample according to element portion represented 
(Table 5.12), we can see that in the majority of attritional assemblages, whole 
elements dominated. Looking at the gnawing data broken down by element 
pattern indicates that the lack of gnawing damage on smaller specimens may 
be attributable to their total ingestion, and hence low representation in the 
gnawed sample (Table 5.13). In other words, gnawing was far more common 
on larger or more complete specimens, while no gnawing was found on frag-
ments representing 25% or less of the whole specimen. No patterning of this 
kind was seen on the Trionyx remains, which except for the shell fragments, 
were always represented by greater than 50% of the whole element. This 
reflects the overall smaller size of the Trionyx carcass. Because of this small 
size, it is more probable that total ingestion of most elements takes place 
when a large bodied carnivore feeds upon them. 
No indications were present that the remains had been exposed to 
major hydraulic forces-abrasion and rounding were absent. Breakage of 
elements was rare, found only in 6% of the turtle remains and 15.37% of 
crocodile remains (Table 5.14a & b). The most frequent type of fracturing 
was an irregular or jagged type, attributed to trampling by ungulates. There 
was no clear patterning in the shape or form of element most susceptible to 
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Portion Ungnawed Gnawed 
< 25% of whole 
50% of whole 
75% of whole 
75% > < 100% 
whole 
42 
27 
3 
8 
134 
0 
9 
2 
19 
29 
Table 5.13. Listing of gnawing by element portion. 
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Total % 
Area cranial axial append. Fractured 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
Overall 
100.00 
0.00 
100.00 
N/A 
0.00 
25.00 
50.00 
N/A 
0.00 
100.00 
35.00 
7.69 
50.00 
N/A 
0.00 
0.00 
2.07 
16.67 
25.00 
0.00 
N/A 
8.75 
0.00 
N/A 
N/A 
0.00 
29.41 
9.00 
11.11 
0.00 
83.33 
0.00 
22.14 
14.29 
9.09 
100.00 
0.00 
7.14 
4.34 
17.65 
14.29 
23.81 
25.00 
15.37 
Table 5.14a. Attritional assemblage percent NISP of crocodile specimens 
fractured. "Total % Fractured" is based on overall NISP for the taxon, with 
teeth and scutes excluded. N/A (not applicable) indicates the skeletal part 
category was not represented at the survey area. 
Total % 
Area cranial axial append, shell Fractured 
1 
7 
8 
9 
10 
Overall 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
0.00 
0.00 
N/A 
40.00 
N/A 
13.33 
N/A 
N/A 
0.00 
20.00 
0.00 
6.67 
0.00 
0.00 
0.00 
30.00 
0.00 
6.00 
Table 5.14b. Attritional assemblage percent NISP of turtle specimens frac-
tured. "Total % Fractured" is based on overall NISP for the taxon. N/A (not 
applicable) indicates the skeletal part category was not represented at the 
survey area. 
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this type of fracturing, since it was found on crania, vertebrae, ribs, and 
longbones. Two spiral fractured bones were observed, both crocodile metatar-
sals. Transverse fractures were observed on flat elements such as the blades 
of scapulae and ribs. The most frequently observed type of fracturing 
(NISP=13) was attributed to weathering. 
Cutmarking was found on only one specimen out of all the attritional 
assemblages. This was on a Trionyx femur from Area 2. Approximately 6 
small subparallel cuts were observed dispersed irregularly over the antero-
superior shaft. The femur was weathered to stage 3, and was missing both 
the femoral head and the distal epiphysis to gnawing. This femur may have 
been scavenged from a gal dies campsite, even though no other evidence of 
human activity was found in the immediate vicinity. 
Skeletal Par t Profiles 
A useful method for examining and comparing assemblages of animal 
remains is to construct skeletal part profiles. These profiles quickly and 
easily identify patterning in an assemblage through relative frequencies of 
different elements or body parts. The skeletal part profile used in this study 
reflects the body part segments observed most frequently at human sites, 
carcasses, and in attritional assemblages. They consist of segments that are 
characterized as having the greatest intra-element integrity (i.e., those most 
commonly maintaining an articulation), and those most commonly subjected 
to similar fates. For example, crania were frequently not articulated with the 
jaw, and therefore these two proximate elements are considered different 
segments; similarly the thoracic ribs (including abdominal ribs) are consid-
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ered a segment separate from the dorsal axial (thoracic and lumbar verte-
brae) because ribs were frequently missing from a ravaged carcass even while 
the dorsal vertebrae would be intact. Again, the scapula-coracoid complex of 
a carcass was rarely split apart, although the foreleg would be disarticulated 
from it, and similarly the manus or pes was rarely found articulated to the 
foreleg or hindleg. 
In sum, the segments used here for the crocodile are the cranium, the 
jaw, the cervical axial (cervical vertebrae and cervical ribs), the dorsal axial 
(thoracic and lumbar vertebrae), the thoracic ribs (thoracic and abdominal 
ribs) the pelvis (the ilia, ischia, pubes, and sacral vertebrae), the caudal axial 
(caudal vertebrae and chevrons), the scapula-coracoid (right and left), the 
foreleg (the right and left humerus, ulna and radius), the hindleg (the right 
and left femur, tibia and fibula), the manus/pes (the right and left articulated 
carpals/tarsals, metapodia, and phalanges), and the scutes. For the turtles, 
Trionyx was the only turtle observed in the attritional assemblages. The 
Trionyx skeletal profile is again based on what was observed at carcasses and 
other contexts during fieldwork. The segments are the cranium (jaw in-
cluded), the cervical vertebrae, the foreleg (humerus, ulna, radius, manus), 
the hindleg (femur, tibia, fibula, pes), the scapula coracoid, the pelvis (ilia, 
ischia, pubes), the plastron, and the carapace. The measure used to compare 
the presence/absence of segments is Percent Minimum Number of Individu-
als, as discussed in Chapter Three. 
For the analysis of the crocodiles, the remains from Area 7 have been 
excluded since the area contained four relatively complete crocodile carcasses 
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and these have been included in the analysis of kill-sites and carcasses cov-
ered in Chapter Six. A pooling of the other attritional assemblages of croco-
dile remains shows that the cranium was the best represented body part, 
followed by the scapula-coracoid, the jaw, the foreleg, and hindleg (Figure 
5.5). Low representation characterized the entire axial skeleton (minus the 
head) and the scutes. Elements of the manus and pes were lacking alto-
gether. 
The skeletal part profile for Trionyx (Figure 5.6) represented the pooled 
attritional assemblages, MNI = 2. The scapula-coracoid is the most common 
element, with representation at 100%. The other segments present had very 
low representation with the carapace, plastron, and foreleg and hindleg at 
less than 10% MNI. The cranium, cervical vertebrae and pelvis were never 
observed in the attritional assemblages. 
One might expect that the attritional assemblage skeletal profiles 
would mimic, or at least bear some similarities to that for a whole animal, or 
a ravaged carcass. Instead, the profiles are very minimal, and most ele-
ments, particularly those from the axial skeleton, are poorly represented. 
Part of this patterning, particularly the loss or absence of smaller elements 
(e.g., smaller vertebrae, ribs, scutes), may be the result of sampling error, 
that is, that smaller elements were not observed or detected because of their 
small size. Small bones are more easily buried, either in the substrate or 
grass. Very frequently, the substrate in the survey areas was sand or fine 
silt, soft sediments that permit downward movement of small objects. Pre-
suming that the bones in the survey areas are the slim remainders of more 
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complete carcasses rather than simply the addition of individual bones trans-
ported to the area by water action, loss of small elements can also be attrib-
uted to digestion or removal by scavenging animals. 
Because Crocodylus and Trionyx are aquatic animals, it is entirely 
possible that any of their remains found on land may derive from carcasses 
that decomposed in water, with individual elements or carcass segments 
washing ashore by wave action. Determining the extent to which this ac-
counts for the makeup of attritional assemblages is extremely important to 
the interpretation of archaeological assemblages of such remains. An exami-
nation of the hydraulic potential of different mammalian elements was per-
formed in a number of controlled experiments by Voorbies (1969). The results 
of these experiments differentiate three hydrodynamically created bone 
element associations. Each group is characterized by the degree to which it is 
susceptible to winnowing by stream action. The first group is most suscep-
tible, being saltated or floated out of its original site of deposition almost 
immediately. It consists of ribs, vertebrae, sacrum, sternum, and sometimes 
the scapula, phalanges, and ulna. The second group is intermediate and is 
characterized by traction-type movement when winnowed. The femur, tibia, 
humerus, metapodia, pelvis, radius and sometimes the scapula, phalanges, 
and ulna form this group. The last group the "lag deposit," consists of the 
skull and mandible. This final group is the most resistant to hydraulic forces, 
thereby remaining at the depositional site after other elements have been 
winnowed out. The susceptibility of any of Voorbies' Groups to hydrodynamic 
transport increases, of course, with increases in stream velocity. The group-
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ings, however, remain distinct. The relative abundances of each group within 
a fluvial assemblage indicate the degree of transport to which the elements 
have been subjected. An assemblage characterized equally by all three 
groups has been moved little. Assemblages heavily represented by Group I 
elements indicate that a greater degree of transport has occurred. Although I 
have not performed similar experiments on crocodile and turtle bones, I will 
attempt to predict the behavior of these bones using Voorbies' results for 
mammalian elements. If the attritional assemblages are assumed to have 
been deposited in the lake and moved ashore by wave action, then one would 
expect a higher representation of the smaller bones, such as cervical and 
caudal vertebrae, cervical and thoracic ribs, bones of the manus and pes, and 
perhaps the ulnae, radii, and fibulae. 
Because of differences in size and general element morphologies, the 
crocodile and Trionyx remains must be addressed separately with respect to 
the patterning of the skeletal part profiles. The dorsal vertebrae (thoracic 
and lumbar) and sacral vertebrae can be quite large and heavy in a large 
crocodile and so, for all but small crocodiles, these elements should be ex-
cluded from Voorbies Group I. Of the bones in the pelvis, the pubis is the 
lightest and possibly would be susceptible to movement by water, the ischia, 
ilia, and sacral vertebrae are heavily built, and probably not easily win-
nowed. The low representation of cervical vertebrae and ribs, and caudal 
vertebrae and chevron, as well as the total lack of elements making up the 
manus/pes would be consistent with a formation history influenced by sheet-
wash, stream action, or other hydrodynamic forces. Nevertheless, other 
aspects of the skeletal part profile do not fit with this scenario. 
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The high representation of crania, for instance, disputes the notion 
that water played a part in the deposition of the crocodile remains, that is, if 
the attritional assemblages derive from carcasses originally resting in the 
water, fewer crania on land would be expected. That crania are so common in 
the attritional assemblages leaves me with the impression that the specimens 
derive primarily from carcasses that disarticulated on land, not in the water 
with subsequent movement onto land. Moreover, the crocodilian scapula and 
coracoid are relatively heavy elements, and therefore also counter the sce-
nario that the bones somehow derive from lake. Even with the low to moder-
ate representation of appendicular elements, gnawing damage was present 
on 25.9% of all specimens in the attritional assemblages (pooled-excluding 
Area 7). This indicates that these elements were nutritionally valuable at 
some time during their exposure. For this reason, together with the high 
representation of crania in the samples, I argue that the crocodile attritional 
assemblage specimens derive primarily from carcasses that lay on the open 
ground subsequent to the death, and did not arrive on the land surface sim-
ply by wave action moving disarticulated elements onto the shore. It is pos-
sible that the carcasses floated near shore, or even onto the shore while still 
complete, and were then dragged onto land by scavengers. It is also possible 
that carnivores are actively preying on the aquatic reptiles when they are 
basking on land or laying eggs or guarding nests. The skeletal part profile 
reflects then, in part, the differential survivorship of elements exposed to 
weathering processes and carnivore feeding, and to susceptibility to burial. 
The remains of Trionyx are generally much lighter in weight and build 
than those of Crocodylus, and may therefore be more susceptible overall to 
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movement by water. The lack of crania, vertebrae, and small bones of the 
manus and pes fit well with this scenario as they clearly fit within Voorbies 
Group I. The plastron, carapace, and the scapula-coracoid should be included 
in Voorbies Group H, those elements most susceptible to traction, which 
again may indicate that the assemblage derives primarily from carcasses that 
disarticulated in the lake and washed ashore as separate elements. At 
42.4%, carnivore gnawing in the Trionyx assemblage is higher than that for 
Crocodylus, suggesting that the carcasses were ravaged at some point, prob-
ably on land. Once again, because of the gnawing data, I argue that the 
attritional assemblage derives at least in part from carcasses that lay on the 
ground, rather than having been washed up on shore as individual elements. 
Nevertheless, interpretation skeletal part profiles of both Crocodylus and 
Trionyx requires comparison with other assemblages of known formation 
histories. 
CONCLUSION 
The attritional assemblages of crocodile and turtle bone at Lake 
Turkana, Kenya, are usually low density scatters that are distributed 
primarily along the shoreline. Bone input into most areas is slow, although 
rates are affected by the size of location animal populations. The activities of 
terrestrial carnivores probably also plays an important role in dispersing 
carcasses or carcass parts over the landscape, their activities discernible by 
the relatively high level of carnivore gnawing damage in the attritional 
assemblages studied. The most important distributional factor remains, 
however, the location of the lake margin. Positive spatial autocorrelation was 
found in three survey area specimen distributions, although at only Area 7 
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did a test for Poissonian randomness fail to refute the hypothesis that the 
bone distributions are random. Examination of the distribution in relation to 
distance from the water, however, shows that in these terms, the 
distributions are not random, but affected by proximity of each cell to the 
lake margin. Changes in lake levels over time account for the distribution of 
weathering stages within these attritional assemblages, since bones lying 
farther from the present (1990-1991) waterline are significantly more 
weathered than bone lying near the present waterline. 
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CHAPTER SIX 
CARNIVORE KILL SITES AND DENS 
This time it vanished quite slowly, beginning with 
the end of the tail, and ending with the grin, 
which remained some time after the rest of it had gone. 
—Lewis Carroll, Alice's Adventures in Wonderland 
CARNIVORE UTILIZATION OF REPTILES 
In attempting to determine if early hominids had a part in the accumu-
lations of aquatic reptiles at early archaeological sites, it is necessary to 
investigate the potential attraction carnivores might have to these same meat 
resources. If carnivores are known to prey on aquatic reptiles, than perhaps 
the high densities of crocodile and turtle remains at archaeological sites can 
be attributed to them rather than to the subsistence activities of hominines. 
This chapter describes the frequency and conditions of crocodile and turtle 
carcasses at Lake Turkana, Kenya, and the crocodile remains from Koobi 
Fora Hyaena Den 1. Data from these two contexts demonstrate that aquatic 
reptiles are clearly utilized by carnivores in the Lake Turkana lake margin 
zone, as indicated by heavy gnawing and disarticulation of carcasses and the 
removal of nutritionally significant body parts from kill/death sites. Data 
regarding the nature and degree of carnivore utilization of the Lake Turkana 
crocodiles and turtles are subsequently used to interpret the significance of 
carnivore damage to the aquatic reptiles from the Olduvai Bed I and II ar-
chaeological assemblages. 
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Some might assume that predation on aquatic reptiles, particularly on 
crocodiles, by terrestrial carnivores would be a rare occurrence, arising only 
out of the drying up of waterholes or opportunistic encounters with sick or 
dying animals. While juvenile crocodiles are subject to predation by large 
fish (Lates niloticus), predatory birds, and bigger crocodiles, it is widely as-
sumed that adult crocodiles are free of the hazards more common prey spe-
cies endure. Turtles also may be thought of as free from the normal preda-
tory perils that less well-armored terrestrial vertebrates encounter. Never-
theless, there are a number of written accounts of lions preying on larger 
sized (up to 320 cm) crocodiles (Cott 1961; Graham 1968; Pienaar 1969), and I 
have heard eye-witness accounts of lions attacking medium to large sized 
crocodiles (R. Potts, pers. comm., L. Kesia, pers. coram.). Leopards also have 
been recorded attacking and feeding on crocodiles (Pienaar 1969; Cott 1961). 
Hyaenas are reported to avoid crocodiles (Cott 1961; Kruuk 1972), but these 
accounts specifically refer to hyaenas avoiding wading into water where a 
crocodile is present, while there are at least two accounts of crocodile remains 
found in hyaena dens (Skinner et al. 1986; Lam 1992). The reports of lions 
and leopards taking crocodiles indicate that the attacks all took place out of 
the water (see Cott 1961 for a long listing of observed killings), so the behav-
ior of hyaenas toward landed crocodiles may be quite different. Turtles, even 
fully aquatic species, are vulnerable to terrestrial predators. Hedges (1983) 
reports that Pelusios is subject to predation by raptors and terrestrial carni-
vores such as jackals and hyaenas. Pienaar (1969) notes that the brown 
hyaena (Hyaena brunnea) frequently preys on the terrapin Pelusios sinuatus. 
Informants at Elmolo Village North stated that Trionyx is spends the night in 
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grassy shallows, quite close to shore—a behavior that would make it suscep-
tible to predation by nocturnal carnivores. 
In 1987, the Koobi Fora Field School excavated a hyaena den (KFHD1) 
located inland from Lake Turkana, but believed to have been occupied when 
the lake level was somewhat higher. The den is believed to have been ac-
tively used during the drought of 1984, a time when local pastoralists 
brought their herds into the otherwise restricted National Park in order to 
find graze for their animals (Lam 1992). The intrusion was allowed by Park 
officials due to the seriousness of the drought. This den assemblage is no-
table because it contains a large number of crocodile remains—Crocodylus 
niloticus ranks second in number of identifiable specimens (NISP) out of the 
eleven taxa identified. Several other such dens exist in Area 106 (C. Feibei, 
pers. comm.), but I was not able to locate any during my field seasons. These 
Koobi Fora dens are not unique, however, as crocodile remains have been 
identified in a Kruger National Park (South Africa) hyaena den (Skinner et 
al. 1986). These cases suggest that contrary to the opinions of Cott (1961) 
and Kruuk (1972), hyaenas are not so wary of crocodiles that they ignore 
them as a food source. 
Given that crocodiles and turtles are known to fall victim to terrestrial 
predators, a number of questions arise: (1) can utilization patterns of aquatic 
fauna by terrestrial carnivores be documented (including prey size prefer-
ences, element specific damage, carcass utilization sequences), (2) are the 
remains of crocodiles and turtles subject to accumulation in contexts such as 
denning sites, and if so, (3) are there indicators that distinguish kill sites 
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from transported assemblages, and each of these from attritional assem-
blages, and finally (4) do carnivore-derived assemblages of crocodile and 
turtle remains differ from human-derived assemblages? The fieldwork de-
scribed in this chapter was aimed a t answering these questions through the 
careful study of carnivore-related assemblages of crocodile and turtle re-
mains. The Lake Turkana area is a prime locale for such as study, since the 
environment supports both a large aquatic reptile population, as well as 
numerous terrestrial carnivores. 
FIELD METHODS 
During two field seasons, October-November 1990 and January-Febru-
ary 1991,1 searched out and described 31 carcasses in various states of com-
pleteness: 8 Trionyx triunguis and 23 Crocodylus niloticus, but three croco-
dile and one Trionyx carcass have been excluded from this discussion because 
I later found them to be associated with a small, human occupation site. 
Once a carcass was located, the area immediately surrounding it (generally in 
a 50 m radius) was searched for additional parts. Great care was taken to 
push back long grass to look for smaller elements or fragments of the carcass 
when ground visibility was low. All parts were flagged as they were found to 
insure all material was described. Each carcass was examined for the pres-
ence of adhering flesh, articulated joints, and damage caused by carnivore 
feeding, trampling, and for evidence of butchering. The weathering stage of 
each articulated unit and single element was recorded individually. The 
location of each carcass, as well as its microenvironment, were thoroughly 
described. The dimensions of the area containing bones of the same carcass 
was measured, and photographs taken of the scatter and individual elements 
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or articulated sections. Particular care was made to photo-document the 
locations of carnivore damage. As far as possible, every element of each 
carcass was marked using a hand-drill with a 1/16 inch bit; also in most 
cases, a small stone cairn was constructed near the carcass to aid in locating 
it in the future. 
Most of my surveys, for good reason, were conducted within 200 m of 
the shoreline. Two crocodile carcasses were found very far from the water, 
both at Koobi Fora. One of these crocodiles I had observed in 1986 as a rela-
tively fresh kill, completely opened ventrally with no organs, ventral skin, or 
abdominal ribs left. Much of the postcranial skeleton was still in the same 
area, although scattered over a large area. The other more inland-located 
crocodile was shown to me by Koobi Fora staff members, who in 1987 saw a 
lion in the bush near the Koobi Fora Petrol Dump pulling a carcass. Upon 
investigating, with hopes of scaring off the Hon and obtaining some fresh 
meat, the workers discovered the quarry to be a medium-sized crocodile. The 
direction the Hon had been traveling suggested it had brought the crocodile 
from north of the Koobi Fora sand spit—a distance of at least 1 km. 
Turtle carcasses, all Trionyx, were far less common than those of croco-
diles. I am certain that visibility plays a major role in this disparity, rather 
than predation/scavenging opportunities for carnivores. All of the Trionyx 
carcasses showed some degree of carnivore damage, and most occurred weU 
away from the water line. Since Trionyx is not known to leave the water, 
except to lay eggs, I suspect the carcasses represent either individuals sur-
prised while resting in the shallows, or females snagged while egg-laying. No 
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Pelusios, live or dead, were found, although they were entirely expected. My 
crews hunting around in muddy lagoons (with sticks) never produced one 
either, although I was assured that we must have been comatose to have 
missed them (A. MacKay, pers. comm.), since large number of Pelusios were 
collected a few years earHer for purposes of making a taxonomic study of the 
population. It is possible that their distribution in nearshore contexts is 
seasonally-dependent (related to reproductive cycles, egg laying), or it may 
indicate that Pelusios carcasses are not commonly washed up on shore and 
thereby available to terrestrial scavengers. 
The crocodile carcasses were not all fresh, nor complete when I found 
them. This precludes the type of study of scavenging opportunities and disar-
ticulation sequences developed by Biumenschine (1986a, 1986b). Neverthe-
less, as a beginning venture into the realm of reptile meat resources, I believe 
that a study of these crocodile and turtle carcasses can help in the interpreta-
tion of the Olduvai materials, as weU as the materials from palaeontological 
locales. 
CARCASS DESCRIPTIONS 
Carcass l i s a very incomplete crocodile, represented by only 5 dorsal 
vertebrae, 1 caudal vertebra, 3 chevrons and 2 thoracic ribs. The arch and 
centrum of the caudal vertebrae were unfused. One dorsal vertebra had been 
chewed and was crenulated (scalloped) along the chewed margin and had one 
canine-shaped depressed fracture. Some tissue was adhering to the verte-
brae even though some longitudinal cracking was present. The bones covered 
a small area 21 x 18 cm and was located approximately 30 m inland on 
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grazed (short) Sporobolus grass. The locale was adjacent to marshes in the 
delta plain of the laga H Eriet. 
Carcass 9 is a crocodile cranium including the entire jaw (18 teeth 
present), 6 cervical vertebrae and cervical ribs. The cranium was partially 
fragmented. Soft tissue was present on the underside of the cranium (which 
lay on the ground in anatomical position). A grass fire had moved through 
the area a few days prior to discovery, and the cervical vertebrae were 
slightly burned, although the grass directly beneath them was not; a few 
cranial fragments were buried in burned grass. Weathering stages ranged 
from 2 to 4. No cutmarks or gnawing damage was observed. The scatter 
covered 2.9 x 1.4 m and was located 6 to 7 km north of Ileret, 0.5 km from the 
lakeshore. A small dry channel coursed toward the lake 10 m away. 
Carcass 10 is a whole articulated crocodile cranium with jaw and a full 
complement of teeth. The nuchal scutes were still attached by soft tissue. 
This cranium was located near Carcass 9 and hence had been exposed to the 
same grass fire—some burning was present on the nuchal area. Cutmarks 
were present on the basisphenoid and occipital where the head had been 
detached from the postcranial skeleton. Longitudinal cracking was present 
on the cranium and jaw, even though otherwise they appeared unweathered. 
The scatter was 46 cm in diameter, and was located in a shallow depression 
200 m southwest of Carcass 9, closer to the marshy shoreline. 
Carcass 11 is a large (33 cm) Trionyx carapace found in the same 
burned area as Carcass 9 and 10. It was broken into 3 parts, right half, and 
anterior/posterior portions of the left half; some soft tissue was present. One 
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neural appeared cut as did the tissue bridge to the (missing) plastron. The 
grass fire had charred and browned the interior aspect. The scatter covered 5 
x 2 m and was 300 m from the marshes lining the lakeshore. 
Carcass 12 (Plate 6.1) is a Trionyx consisting of the complete sheU, 
right coracoid and humerus, cranium and jaw. The shell was disarticulated 
into individual elements. All bone was very weathered (W.S. 5), having deep 
foHating cracks in the outer lamellar bone (all but the cranium were soHd 
when handled, however). The cranium was splintering into small fragments, 
the keratin covering of the dentaries was present (possibly preserved by the 
jaw's location deep in the grass). Both the proximal and distal ends of the 
humerus had been gnawed off, furrowing was present. The scatter covered 2 
m and was found very near the shore, south of the Koobi Fora spit, somewhat 
shaded by tall Sporobolus grass. 
Carcass 13 is a disarticulated Trionyx consisting of the carapace, 
plastron, right humerus, right and left scapulae and coracoids. The humerus, 
scapulae, and coracoids all show gnawing damage. The outer lamellar bone 
on all elements was flaking off and some deeper cracks were present (W.S. 4). 
The scatter covered 70 x 60 cm and was located 60 m from the shore 100 m 
south of Carcass 12. A sandy, poorly sorted substrate with a few patches of 
Sporobolus offered minimal shade. Hyaena feces were found in and around 
the bone scatter. 
Carcass 14 is the crocodile I observed in 1986 while it was still articu-
lated. A careful search of the area turned up 6 cervical vertebrae, 4 cervical 
ribs, 5 dorsal vertebrae, 7 thoracic ribs, 1 caudal vertebra, 15 scutes, the left 
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Plate 6.1. Carcass 12, Trionyx scatter. A 20 cm ruler is seen in the middle 
foreground. To the left of the ruler a humerus can be seen, and toward the 
upper left-hand corner, the cranium. 
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and right femora, tibiae, fibulae, and ischia, the right humerus, 2 scapula 
fragments, and one metatarsal. The cranium had reportedly been collected 
by the Koobi Fora Field School the previous year. The majority of elements 
were completely exposed on the surface, a few, such as some thoracic ribs, 
some scutes, and the humerus, were more than half-buried. Gnawing (scal-
loped edges, tooth scoring) was present on thoracic ribs, the spines of cervical 
and dorsal vertebrae, the lateral processes of dorsal vertebrae, and the distal 
and proximal ends of the humerus. Tooth punctures were present on the 
ischia, the right tibia, the left fibula, one rib, and one dorsal vertebra. The 
cortex of some elements was exfoHating and most elements had at least one 
deep crack present (W.S. 3). The scatter covered 50 m and was located on the 
slope of an old beach ridge a few km south of Koobi Fora. The silty sand 
substrate was covered only sparsely by Sporobolus. 
Carcass 15 is the crocodile the Koobi Fora staff had observed being 
dragged into the bush by a lion. The remains were very widely scattered 
around the base of a tree, with some elements well shaded by bushes, and 
others on the open sand. The elements observed were 2 cervical ribs, 10 
cervical and 1 dorsal vertebrae, 13 thoracic ribs, 15 caudal vertebrae, the left 
humerus, ulna, radius, tibia, and fibula, 1 tibiale-centrale, 1 metatarsal, 3 
scutes, and a very fragmented cranium. Nearly all the bones showed deep 
cracks and exfoHation, while the cranium and tibia were both sphntering 
(W.S. 3-5). The scatter covered about 50 m and was located on a rise east of 
the Koobi Fora Petrol Dump. 
Carcasses 16,17, and 18 were found in and around six salt bushes 
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approximately 300 m from a marshy area approximately 5 km north of Koobi 
Fora. Inside the "den," actually a hollow within one of the bushes (Plates 
6.2a & b), lay a large segment consisting primarily of the dorsal skin and 
scutes and a few tenuously attached limh elements. Each carcass was of a 
sHghtly different size and each was in a slightly different condition with 
regards to weathering. Three partially articulated axial skeletons (each with 
both sacral vertebrae) support this minimum number of individuals estimate. 
High Sporobolus grass surrounded the bushes. A few members of the Koobi 
Fora staff pass by the bushes on foot when traveling back to families at Il-
eret. These men described the bushes as a "Hon den." Indeed, numerous 
hairs were found stuck to the thoracic ribs and tibia of Carcass 16. A sample 
was taken back to the National Museums in Nairobi and identified as Hon 
hair by the Mammalogy Division. I also coHected what appeared to be 
regurgitant containing crocodile ventral scales, egg sheU fragments, and very 
small (fetal) crocodile bones. The mammalogist identified lion hair in this 
sample also, and concluded that a Hon had eaten either 1) the unlaid eggs out 
of a female crocodile, or 2) had eaten crocodile eggs and an adult crocodile on 
separate but temporally proximate occasions, and had also groomed itself, 
thereby ingesting its own hair. Later, the remains of the eggs, the ventral 
scales and the hair were all regurgitated together. 
Carcass 16 is a medium-sized crocodile consisting of the [cranium and 
jaw]1, [3 cervical vertebrae and 3 cervical ribs], [17 articulated dorsal and the 
first sacral vertebrae, 17 thoracic ribs], [the second sacral and the first caudal 
1
 brackets denote groupings of articulated elements 
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Plate 6.2a. Area surrounding the "Hon den." Note crocodile skull in the 
middle of the photo. The lake is to the left of the photo, approximately 300 m 
away. 
Plate 6.2b. Closer view of the hollow in the bush forming the "Hon den." Aila 
is standing next to Carcass 16. Carcass 17 was found on the other side of the 
bush, and Carcass 18 inside the hollow. 
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vertebra], [3 caudal vertebra], [the left coracoid and scapula], [the right cora-
coid and scapula], the right iHum, the left humerus, left ulna, [6 phalanges], 
[2 metatarsals], [the left iHum, pubis, ischium, femur, tibia, and fibula]. 
Periosteum and ligaments were present, as was skin over the surface of scute 
and the cranium. The periosteum of the left humerus appeared bloodstained 
and had grass and sand sticking to it. Gnawing was heavy over the whole 
carcass, particularly on the proximal humerus, the iHa, pubis, ischium, and 
proximal fibula. Two possible gastroHths were found near the right ilium. 
No cracking or flaking of bone was apparent (W.S. 0). 
Carcass 17 (Plate 6.3) is a small to medium-sized crocodile consisting 
of [5 cervical and 10 dorsal vertebrae, 9 thoracic ribs], [6 dorsal, 2 sacral, and 
2 caudal vertebrae, the right and left iHa, pubes, and ischia, femora, tibiae, 
fibulae, and tibiale-centrales], [2 metatarsals and 1 phalanx], [left coracoid 
and scapula], right coracoid and scapula, [left humerus, ulna, and radius], [3 
more caudal vertebrae], and three more thoracic ribs. Gnawing was heavy, 
particularly on the blades of the left coracoid and scapula, the left distal 
fibula, the left proximal humerus, and distal ulna, the caudal vertebrae, and 
the spines of all the dorsal vertebrae. Ligaments were present, but most of 
the periosteum was gone. The bones had only very fine longitudinal cracking 
present (W.S. 1). 
Carcass 18, a small to medium sized crocodile, consisted of [a large 
piece of skin containing, or otherwise stuck to, about 100 scutes , the right 
humerus, left manus] (found inside the "den"), [5 dorsal vertebrae, both 
sacral vertebrae, 1 caudal vertebra, and the right and left ilia]. The large 
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Plate 6.3. Carcass 17, medium-sized Crocodylus. Note that only all the 
caudal vertebrae except the first two are raising. 
194 
portion of skin, board-like because of the included scutes, had the right and 
left ventral portions peeled back over the outer dorsal surface. The humerus 
and manus of this carcass were stuck in the ventral portion of the skin, and 
the axial segment was attached to the inner dorsal portion. The iHa showed 
evidence of heavy gnawing, as did the lateral processes of the dorsal verte-
brae; gnawing on the humerus was sHght (tooth scores, sHghtly scalloped 
edge). This carcass was located "inside" the den, completely shaded by the 
bushes and lying on bare ground—we had to crawl in to get it. No weather-
ing was evident. 
Carcass 19 is a crocodile, completely disarticulated, consisting of the 
cranium, 10 cervical vertebrae, right and left femora, 4 indeterminate verte-
brae, 3 cervical ribs, 1 rib. The right proximal femur was gnawed as was the 
rib. Five of the cervical and all four of the indeterminate vertebrae were 
partially buried. The cranium was fragmented. The bones showed fine longi-
tudinal cracking (W.S. 1). AH elements were on a silty substrate scattered 
with black basalt cobbles. Short Sporobolus was present. The primary 
scatter covered 5 x 1.5 m and the cranium lay 20 m away. The whole scatter 
was 2 m from the muddy edge of the lake, on a peninsula south of the Sibiloi 
Park Headquarters at Allia Bay. 
Carcass 20 is a small to medium sized crocodile represented by [3 
cervical vertebrae, 2 cervical ribs, 10 dorsal vertebrae, and the proximal ends 
of 3 thoracic ribs], [3 dorsal vertebrae], [3 dorsal vertebrae], [right humerus 
and scapula], left humerus, 2 metatarsals, [left femur, tibia, and fibula], and 
one pubis (side indet.). Gnawing was heavy on the proximal femur, the tibia 
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had a spiral fracture of the distal shaft. The distal humerus, the blade of the 
scapula, and the spines of the dorsal vertebrae, were all gnawed. The pubis 
had one small semicircular "bite" out of the blade. Bones were weathered to 
stage 1. The scatter covered a an area of 30 x 1.5 m and was located near 
Carcass 19. The substrate was silty, previously inundated and scattered with 
black basalt cobbles. Sporobolus was present, but very short. 
Carcass 21 is a crocodile axial skeleton. The articulated segment 
consisted of [2 cervical vertebrae, 3 cervical ribs, 15 dorsal vertebrae, 9 left 
thoracic ribs, 2 sacral vertebrae, fragments of the left and right iHa, dorsal 
and nuchal skin, and 85 scutes]. Unarticulated elements consisted of one 
distal rib. Gnawing was present on the lateral processes of the dorsal verte-
brae, the ends of aH thoracic ribs, and the sacral vertebrae. Many of the left 
lateral processes appear snapped off. Ligaments were stiU present, but dry 
and blackened. Longitudinal cracking was present, indicating weathering 
stage 1. The carcass covered an area of 57 x 17 cm and was located north of 
the Sibiloi Park Headquarters, 35 m from the water, in high Sporobolus 
grass. The grass partially shaded the carcass. 
Carcass 22 is a medium-sized crocodile. The articulated portions were 
[the cranium, jaw, proatlas, atlas, and axis], [2 cervical and 16 dorsal verte-
brae, 10 thoracic ribs, 2 sacral vertebrae, right and left iHa and ischia, left 
pubis, right and left femora, tibiae, and fibulae, right and left calcaneus and 
tibiale-centrale, 2 tarsals, 4 metatarsals, 1 phalanx], [5 cervical vertebrae], [6 
phalanges], [2 phalanges], [1 metatarsal and 3 phalanges], [1 metatarsal and 
2 phalanges], the right scapula-coracoid, and [approximately 116 dorsal and 
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nuchal scutes in skin]. The singular elements were 1 cervical vertebra, 3 
phalanges, the right and left humeri and ulnae, the right radius, the right 
pubis and 1 rib. Only Hgaments and skin remained. One dorsal vertebra had 
a large (tooth) depression fracture, the lateral processes were gnawed off and 
the thoracic ribs were missing primarily on the right side. A large hole had 
been gnawed into the crest of the left tibia. The carcass was spread over a 
smaH area, 2.4 x 1.30 m in diameter. Like carcass 21, it was found about 30 
m from the water, north of the Park Headquarters and near the "campsite" 
used by infrequent visitors who boat across the lake from Ferguson's Gulf on 
the west shore. The smaUer, disarticulated elements were shaded by tell 
Sporobolus. The carcass was at weathering stage 0. 
Carcass 23 is a medium-sized crocodile. Articulated were [the cra-
nium, jaw, the hyoid, proatlas, atlas, axis, and other 5 cervical and 12 dorsal 
vertebrae, 18 thoracic ribs, a part of the dorsal kin with scutes], [2 dorsal 
vertebrae], [one dorsal vertebra, 2 sacral vertebrae, fragment of left ilium, 1 
caudal vertebra], [3 caudal vertebrae], and [the heads of the right coracoid-
scapula]. The unarticulated elements were the right humerus, iHum, pubis, 
and tibia, the left ischium, femur and tibia, and one caudal vertebra. Gnaw-
ing was extensive, present on the distal ends of aH thoracic ribs, the proximal 
ends of both tibiae, the right ilium, the distal left femur, the medial portions 
of the ischium and pubis, and the proximal ends of both humeri, and the 
distal end of the left. Weathering consisted of fine longitudinal cracking (W.S. 
1). This skeleton was found near Carcass 22 ,30 m from the water. Sporobo-
lus likewise shaded the smaller, disarticulated elements. 
Carcass 24, a crocodile, was also found near Carcasses 20, 21, 22, and 
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23, north of the Park Headquarters and not far from the water. The articu-
lated elements consisted of [4 cervical, 15 dorsal, 2 sacral, and 2 caudal verte-
brae, 11 thoracic ribs, 1 abdominal rib, the right and left iHa, the right is-
chium, pubis, and femur, and the dorsal and nuchal skin and scutes], [5 
cervical vertebrae], [the right tibia, fibula, calcaneus, tibiale-centrale, 2 meta-
tarsals, 4 phalanges, 2 claws], [the left coracoid-scapula], [the left radius and 
ulna], [3 caudal vertebrae], [another 3 caudal vertebrae], [3 more caudals], 
and [1 caudal vertebrae and 1 chevron]. The disarticulated bones were 3 
caudal vertebrae, 10 abdominal ribs, the left femur, ischium, humerus, and 
radiale. The cranium had been picked up by a park official. The dimensions 
of the bone scatter was 10 x 25 m. The microhabitat of the carcass matched 
that of the others in this area. 
Carcass 25 is a crocodile, widely scattered in the same area as Car-
casses 20-24. The articulated segments consisted of [4 cervical, 12 dorsal 
vertebrae, 3 cervical ribs, and 3 thoracic ribs], [the dorsal skin with 110 
scutes, right humerus and coracoid-scapula], [5 dorsal vertebrae], [the sacral 
vertebrae, the right ilium and ischium], [4 caudal vertebrae], [3 metacarpals, 
3 carpals, and 1 phalanx]. The single elements consisted of 1 scute, 3 verte-
bral spines, 1 thoracic rib, and the left iHum, femur, tibia and fibula. The 
dorsal skin segment of this carcass mysteriously moved overnight 30 m. The 
single scute marked the original location. The left ilium and leg were found 
in shallow water, and although lacking flesh (except for the iHum) retained a 
bloody appearance. Deep longitudinal cracking had appeared on the sub-
merged long bones and algae had begun to invade the cracks. Gnawing was 
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extensive. The left half of the sacral vertebrae had been chewed off, as had 
the spines and lateral processes of 9 vertebrae. The carcass was found over a 
20 x 50 m area, in a low muddy area. 
Carcass 26 is a crocodile axial skeleton, consisting of [the dorsal and 
nuchal skin, approximately 110 scutes, 5 cervical and 12 dorsal vertebrae, 2 
cervical ribs, 9 thoracic ribs, and 2 sacral vertebrae]. Also present were 3 
loose ribs. Ligaments and some periosteum were present. Gnawing damage 
was heavy and more extensive on the right than the left lateral processes of 
the dorsal vertebrae. The lateral processes of the sacral vertebrae had been 
chewed off. The bones were not weathered (W.S. 0). The scatter covered 75 x 
80 cm in an overgrazed area near reed marshes 3 km north of the Park Head-
quarters at Allia Bay. The substrate consisted of poorly sorted sand and 
pebbles. 
Carcass 27 is a very large crocodile axial skeleton. The articulated 
segments were the [cranium, jaw, hyoid, 9 cervicals, 17 dorsal vertebrae, 2 
sacral and 5 caudal vertebrae, right and left ilia, ischia, the proximal half of 
the left femur, 21 thoracic ribs, the dorsal and nuchal skin and 133 scutes], 
[the right femur, tibia, fibula, and calcaneus], and [2 metatarsals]. Loose 
elements found around the articulated portion were 1 tooth, one thoracic rib 
fragment, 1 metatarsal, the left humerus, coracoid-scapula, and radiale. 
Gnawing damage was present on the distal portions of the thoracic ribs, the 
cervical ribs, the hyoid, the posterior dorsal vertebrae, the ischia, the anterior 
aspect of the ilia, and the processes of the caudal vertebrae. The left femur 
had a transverse fracture of the shaft and it was gnawed on its proximal and 
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distal ends. The calcaneus and the blades of the coracoid-scapula were 
gnawed. The scatter covered 40 x 30 cm and was located on the top of the hiU 
on the peninsula south of the Park Headquarters. The substrate consisted of 
poorly sorted sand with some large basalt cobbles. Sporobolus growth was 
low around the carcasses, offering no shade. 
Carcass 28 is a Trionyx. Only the right plastron was present, in three 
pieces, the epiplastron, hyoplastron, and hypoplastron. A few of the lateral 
margins were broken, and in one instance appeared to have been bitten 
evidenced by a semicircular break. No soft tissue remained and fine longitu-
dinal cracking was present (W.S. 1). The scatter was smaU (30 cm diameter) 
and was weU-shaded by tall Sporobolus. The fragments were on the same 
hul as Carcass 27. 
Carcass 29 is also a Trionyx. It consists of the entire carapace and 
plastron in over 20 pieces, with a few articulations between pleurals, the 
right humerus, coracoid-scapula, left coracoid-scapula. A large osteomyeHtic-
like lesion was present across two pleurals. Gnawing was apparent on the 
distal humeral shaft (the distal epiphysis was missing) and the right scapula 
and coracoid blades. Weathering was present in the form of fine longitudinal 
cracking (W.S. 1). This carcass was scattered over a 45 m diameter area, on 
the lowest southwest bench of the hill terminating the peninsula at Allia Bay. 
Sporobolus thickly covers a medium fine sand substrate with basalt gravel. 
The grass around the carcass was squashed down, suggesting something had 
lain there while feeding on the turtle. 
Carcass 30 is a large crocodile. The articulated segments were [7 
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cervical vertebrae], [5 dorsal vertebrae], [2 dorsal vertebrae]. The unarticu-
lated elements were the cranium (fragmented), the right and left dentaries 
and articulars, 6 dorsal vertebrae, 7 thoracic ribs, both sacral vertebrae, the 
left humerus, coracoid and scapula, 2 carpals, the right and left iHa, ischia, 
femora, tibia, fibulae, 2 caudal vertebrae, and 31 scutes. The carcass covered 
a 5 m area in an area south of Sibiloi Park Headquarters that had been inun-
dated 3 months prior. Patches of nevt Sporobolus grass were present. Most 
of the elements were up to 75% buried. Hoof marks were common over the 
mud, and one crocodile tooth was found in the bottom of a large footprint. 
The cranium was badly trampled, the blades of the right coracoid and scapula 
were fractured. Apiece of the coracoid blade was found on the surface, and 
was far more bleached (white) than the rest of the coracoid that had been 
buried. No gnawing was observed. Deep longitudinal cracking was present 
on some of the buried elements and no weathering, other than bleaching, was 
present on elements that had not been buried. 
Carcass 31 (Plate 6.4) is a small to medium sized crocodile, found 
largely intact with skin. Because this carcass was so complete, it seems 
easier to describe those elements that were not present. The only parts 
missing were the caudal vertebrae except the first, the right pes distal to the 
tibiale-centrale and calcaneus, and the left pes except for 2 metatarsals and 4 
phalanges. The ventral skin was ripped below the rib cage and the lateral 
processes of the posterior dorsal vertebrae were gnawed, as was the pelvis 
and the abdominal ribs. The skin of the right upper leg, the right brachial 
area, and the gular area had been torn away to reveal the bone beneath. The 
eyes had been pecked out and a large gash was present on the left just behind 
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Plate 6.4. Carcass 31, a relatively complete, small-sized Crocodylus. A15 cm 
ruler has been placed on the thorax for scale. Note that all caudal vertebrae 
are missing except the first 
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the border of the cranial table. The skin was remarkably hardened and could 
not be moved in any way. The organs appeared to be missing from the ab-
dominal cavity. No weathering was evident. 
ANALYSES AND RESULTS 
Bone Densities And Spatial Patterning 
The recognition of a bone scatter as a "carcass" depended on its being 
dispersed over a relatively small area, but not necessarily articulated, al-
though this is characteristic. For instance, Carcasses 14 and 15 were recog-
nized as complete carcasses because each had been observed near to the date 
of death, the former by myself in 1986, and the latter by the Koobi Fora staff 
in 1987, and the scatters representing each were easily located. I mapped the 
distribution of the remains of each of these carcasses, and found each of them 
to be dispersed over a 50 m area, although the majority of Carcass 14 was 
dispersed over 20 meters with just a few outlying elements. In neither case 
were "too many" elements discovered, that is, aH indications pointed to only 
one individual present. At Survey Area 7, discussed in Chapter 5, four rela-
tively intact crocodile carcasses were found in a 100 by 100 m area. Each was 
disarticulated to some degree but the segments were assignable to originat-
ing individual, their primarily location identified as the location of the largest 
axial segment. In these cases, each was spread out over approximately 20-30 
m. These various cases illustrate in important factor to be kept in mind 
when discussing attritional assemblages—that areas of high bone input (i.e., 
locally high death rates) can indeed have multiple individuals represented 
over relatively smaH areas (e.g., Area 7), whereas others (represented by 
Carcasses 14 and 15) wiH not. Attritional assemblages form, most definitely, 
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from the addition of carcass parts, not just random singular elements, into 
the substrate. Clearly carcasses can and most often do disarticulate in a 
dispersed manner. The question to be answered is exactly how, and to what 
extent, given years of exposure to wind, rain, sun, and trampling by animals, 
a carcass wiH be reduced to the appearance of having arrived as that random, 
singular element. 
The high number of carcasses in Area 7 and at the "Hon den" can be 
attributed to their location near large marshy areas. These areas tend to 
support higher numbers of juvenile crocodiles seeking refuge from predation 
by larger crocodiles (Graham 1968). Some species offish and turtles also 
seek out the protection of vegetated shaHows and it may be that predation by 
both aquatic and terrestrial carnivores in these areas is more successful due 
to the higher densities of prey species and the benefits of shaHow water and 
the cover offered by the vegetation (Stewart 1994). Survey areas located on 
more open shoreHnes, by beaches for example, had much lower bone densities 
(e.g., Areas 8, 9, and 11). 
Weathering 
Because the original intent of the carcass study was to examine rela-
tively recent or fresh carcasses, bone weathering was not a significant part of 
this portion of the field study. However, most of the turtle carcasses and two 
of the crocodiles (Carcasses 14 and 15) had been exposed for significant peri-
ods, as evidenced by weathering of the remains. The crocodiles provide the 
most valuable information, since in those two cases the year of death is 
known. 
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Carcass 14 was found on an old beach ridge, on the downward side, 
and had apparently been moving slowly down the slope. The substrate con-
sisted of silty sand, quite loose over most of the surface, very Httle Sporobolus 
covered the area, and an unidentified runner-type herb, very low to the 
ground, was found under some of the bones. The remains of this carcass 
ranged from weathering stage 1 to 4, with the majority in stage 3. The car-
cass was observed fresh in July 1986, so the weathering had progressed 
rather quickly during the four years the carcass had been exposed. 
Carcass 15 was located in and around a bush covered area near the 
Koobi Fora base camp. The substrate was medium sand with gravel and rock 
deflating out of the surface. A number of pebble to cobble sized rocks were 
present as well. Most of the elements were discovered under the edges of 
bushes, partiaUy shaded. The cranium, which was probably the most frag-
mented segment, lay in the open without any shade nearby. The remains of 
this carcass ranged from weathering stage 1 through 5, with the majority in 
stage 4. A number of staff stated the crocodile was brought fresh to the area 
by a lion in 1987, and had therefore been exposed for only three years when 
observed in 1990. 
These few carcasses, while not constituting an adequate sample for 
assessing weathering in crocodiles (or much less in reptiles in general), do 
provide a beginning for examining weathering patterns in reptile remains. 
Behrensmeyer's (1978) study of mammalian bone weathering in AmboseH 
National Park, Kenya covered enough time and had a large enough sample to 
permit broad generalizations concerning the weathering rates of mammalian 
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elements. OveraH, specimens that had been exposed for three years or less 
fall into the weathering stages 0 , 1 , and 2. Specimens exposed for longer 
periods were never found to fall into stages 0 or 1, but rather ranged across 
the latter stages. Even though in the earner stages, weathering proceeds 
rather uniformly, it appears that with time the rate may vary rather broadly, 
perhaps stochasticaHy. Nevertheless, Behrensmeyer's (1978) research con-
firmed that exposed mammalian carcasses may persist for up to 15 years. 
The two crocodile carcasses then indicate that reptile bone, or at least croco-
dile bone, may weather faster than mammalian bone, an observation made 
previously by Gifford (1977,1981). Future examination of these same car-
casses, as weH as the other 17 crocodiles and 7 Trionyx wiH add greatly to our 
understanding of reptile bone weathering. 
Breakage And Surficial D a m a g e 
The damage to each carcass has been described in detail previously. 
The overall patterning indicates that carnivore gnawing of these reptile 
carcasses is similar to that inflicted on mammalian carcasses of similar size. 
In effect, the smaller bodied Trionyx was subjected to greater loss of elements 
from the kill site, presumably because these were completely ingested by the 
carnivore that ravaged the carcass. The presence of the scapula-coracoid is 
somewhat enigmatic, since gnawing on the blades of each in the few cases 
presented suggests that the animal was completely disarticulated, that is, the 
limbs and shoulder girdle had been pulled out of the shell. 
Crocodylus carcasses were more extensively damaged, as would be 
expected for a larger-bodied animal. Breakage was nearly always found on 
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the ribs and the transverse processes and spines of the vertebrae, usuaUy 
more on one side than the other, indicating the original position of the car-
cass. This patterning suggests that when consumed on the carcasses were 
commonly lying on their dorsal surface, tilted either to the right or left, mak-
ing the ribs and lateral portions of the vertebrae more on one side. The distal 
portions of ribs, and the proximal and distal portions of long bones were often 
gnawed. The separation of limbs from the axial skeleton, and the separation 
of the proximal and distal portions of limbs, suggested that carnivores pull 
the carcasses apart when feeding. Except in two cases, one spiraHy fractured 
tibia in Carcass 20 (Figure 6.5) and one transversely fractured femur in 
Carcass 27 (Figure 6.6), the shafts of long bones were not usuaUy damaged. 
The pelvis was very frequently damaged, particularly the wings of the iHa 
and the pubes. Pubes, in fact, were frequently missing from the carcasses. 
These, compared to the other elements in the pelvis, are relatively smaH and 
thin, and their ventral location near the abdominal cavity makes them espe-
ciaHy vulnerable to damage. Clearly, just as in mammals, the more exposed 
elements (except for the cranium), or those areas covered with the least 
amount of tissue, are subjected to the greatest gnawing damage (Biumen-
schine 1986a, 1986b). 
Cutmarks were found on two carcasses, both of which were rather 
incomplete specimens. Carcass 19, a crocodile cranium and jaw, had cut-
marks on the basisphenoid and occipital, the posterior aspect of the skull. 
These cutmarks undoubtedly indicate butchering of the crocodile, and result 
from decapitation. The second carcass with cutmarks was Carcass 11, a 
Trionyx carapace retaining the tissue bridge (to the plastron). The bridge 
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Plate 6.5. Carcass 20, Crocodylus with spirally fractured tibia. Tibia is stil 
articulated to femur. 
Plate 6.6. Carcass 27, Crocodylus with transversely fractured femur. Femur 
is still articulated to acetablum. 
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appeared cut, as did one neural. Neither of these specimens had evidence of 
gnawing, and probably derived from human hunting activities in the Ileret 
area, where both were found not far from one another. 
Skeletal Par t Profiles 
A composite skeletal part profile was constructed for the crocodile 
carcasses (Figure 6.1) using the estimate "percent MNI," as discussed in 
Chapter Five, with the actual number of carcasses being used as MNI rather 
than an estimate derived from the pooled bone assemblage data as was done 
for the attritional assemblage data. Using the actual number is appropriate 
in this instance, since there is no justifiable reason for estimating a value 
which is known from the start. The most common segment was the dorsal 
axial segment, foUowed by the thoracic ribs, then the cranium and jaw. Fol-
lowing these in order of frequency are the hindleg, pelvis, scapula-coracoid, 
the cervical axial, the manus/pes and lastly, the caudal axial. During descrip-
tion of the carcasses, it was clear that the single most common factor among 
the crocodile carcasses was overwhelming lack of most tail elements (caudal 
vertebrae and chevrons). If caudal vertebrae did occur, they were either 
singular, or scattered about in articulated groups of usually no more than 
four. The most frequently observed situation had the first caudal vertebra 
still articulated with the second sacral vertebra, with the rest of the tail 
missing, or with the first caudal vertebra trailed by only a few other caudals. 
For the turtles, only Trionyx carcasses were observed. The skeletal 
part profile for Trionyx dominated by the carapace with over 70% of individu-
als having some carapace present (Figure 6.2). Closely following are the 
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plastron and the scapula-coracoid, while the cranium and foreleg are far less 
commonly represented. No carcass retained the bindlimbs or pelvis. 
An interesting part of the carcass study is the description of disarticu-
lation sequences. To reiterate, few of the carcasses I observed were fresh, 
that is, none appeared to have died within 24 hours of when they were ob-
served. In fact, most of the crocodiles probably died several days or weeks 
prior to their discovery. Even so, only five of the nineteen crocodiles observed 
were completely disarticulated, and those stul partiaHy articulated consisted 
of both articulated axial and appendicular segments; aH of the turtles were 
completely disarticulated and had apparently been exposed for some time. 
Table 6.1 Hsts the number of crocodile carcasses having at least one occur-
rence of the joint types that were observed articulated (see also Appendix B 
for schematic drawings of the carcasses indicating articulated and disarticu-
lated joints). There were many commonalties among the carcasses with 
respect to separated joints and missing elements. Two joints tied for the least 
common articulated sequence among aH crocodile carcasses—that between 
the distal foreleg and the manus, and between the scapula-coracoid and the 
thorax. In these two cases, only one carcass, Number 31, a nearly complete 
crocodile with skin intact, had these two joint sequences articulated. Clearly, 
low frequency of the scapula/coracoid-thorax is owing to its non-Hgamental 
attachment. Once the muscles securing the scapula-coracoid deteriorate or 
are damaged, the elements may dislodge easily. The foreleg-manus sequence, 
in contrast, must be explained by predator-scavenger feeding activities. On 
medium crocodiles, the metacarpals are good-sized, so their discovery around 
a carcass was expected. When manus elements did occur, they were either 
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Articulation 
Sequence 
Frequency 
of 
Occurence* 
Dorsal - Dorsal Vertebra 
Sacral - Caudal Vertebra 
Dorsal - Sacral Vertebra 
Dorsal Vertebra - Rib 
Sacral Vertebra - IHum 
Cervical - Cervical Vertebra 
Cervical - Dorsal Vertebra 
Pelvis-Femur 
Caudal-Caudal Vertebra 
IHum - Ischium 
Tibia - Fibula 
Pes Element - Pes Element 
Cranium - Cervical Vertebra 
Hium - Pubis 
Femur - Tibia 
Tibia/Fibula - Pes 
Cervical Vertebra - Cervical Rib 
Manus Element - Manus Element 
1st Caudal-2nd Caudal Vertebra 
Ulna-Radius 
Pubis - Pubis 
Scapula/Coracoid - Humerus 
Humerus - Ulna/Radius 
Scapula/Coracoid - Thorax 
Ulna/Radius - Manus 
13 
11 
10 
10 
10 
10 
10 
7 
7 
6 
6 
6 
5 
5 
5 
5 
5 
4 
3 
3 
2 
2 
2 
1 
1 
* denotes number of carcasses having at least one occurrence 
of the articulated elements 
Table 6.1. Listing of articulated joints observed in croco-
dile carcasses. Joints are ordered from most commonly 
occurring to least common. 
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unarticulated, articulated in smaH groups (i.e., 1 metacarpal + 2 phalanges), 
or the whole manus was articulated, but separate from the rest of the limb. 
Articulations between caudal vertebrae were not uncommon (N=7), but ar-
ticulation between the first and second caudal vertebrae was less common 
(N=3). This pattern can be attributed to carnivores pulling the tail off the 
body, and either partiaHy devouring it there or carrying it away. The point of 
disarticulation was frequently behind the first caudal vertebra, but some-
times occurred a Httle farther down the column. The most commonly occur-
ring joint sequence was between dorsal vertebrae with thirteen carcasses 
showing at least one example of this type of articulation, foHowed by various 
other joints of the axial skeleton. 
The data presented in Table 6.1 indicate that the appendicular skel-
eton disarticulates more rapidly than the axial skeleton, a pattern previously 
noted for mammals (HiU 1975,1979; Binford 1981; Biumenschine 1986a, 
1986b), and fit with the mammalian kiH site pattern consisting of axial ele-
ments. Among appendicular joints, the scapula-coracoid, manus/pes, and 
lower Hmbs disarticulate earliest. The nonHgamental nature of the scapula-
coracoid/thorax has already been noted. The loss of manus/pes and lower 
limbs from the rest of the carcass probably relates to their peripheral posi-
tioning on the skeleton which makes them relatively easy to grasp and pull 
off. The universal loss of caudal elements relates instead to the very meaty 
nature of this body segment. As Figure 6.3 illustrates, in alHgators, regard-
less of body size, the tail meat constitutes a significant proportion of the Hve 
weight of the animal, approaching that for the torso meat. Because of their 
close phylogenetic relationship (subfamily level) and similar physiologies, 
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alHgators and crocodiles are presumed similar in this respect. 
KOOBI FORA HYAENA DEN 1 
KFHD1 was found 4.6 km from the lake margin, approximately 10 km 
south from the Koobi Fora spit. The den is located in the opening of an ero-
sional pipe below an exposure of deltaic deposits. Just below the den is a 
smaU basin leading to a narrow gully and eventuaHy to a larger laga channel 
that receives runoff from the den area, including bone debris. The coUected 
assemblage consists of bone from a 3 x 5 m area of this basin that was 
gridded and excavated to a depth of 5 cm, any bones lying on the surface 
immediately outside the grid, and bones recovered from the den proper (an 
approximately 1 x 2 m area). The sample contains a total NISP of 2,051 
(including bone, horn, hoof, and teeth), of which Lam (1988) reported over 
304 (MNI = 3) were identified as Crocodylus niloticus, making this taxon the 
second most common. Eight mammalian taxa were identified, including 
sheep/goat (Capra hircus or Ovis aries), zebra (Equus), Grant's gazelle (Ga-
zella granti), dog (Canis familiaris), gerenuk (Litocrardus walleri), cow (Bos 
taurus), hare (Lepus capensis), dik-dik (Rhynchotragys guentheri.); two uni-
dentified fish taxa were present as well. 
I analyzed the crocodile portion of this assemblage, recording prov-
enance, element, side, portion, damage (including type of fracturing, abrasion 
or rounding, gnawing, and cutmarks), weathering stage (c.f., Behrensmeyer 
1978), and maximum length. My analysis of the KFHD1 crocodile remains 
resulted in a total NISP of 315 (MNI=3, left jaw). The three individuals aH 
represent juvenile crocodiles, indicated by unfused vertebral arches and 
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overaH smaH size of the skeletons. Crocodiles are very difficult to age. In the 
crocodile/alHgator management industry, age groups are indicated by overaH 
length, which may or may not be accurate due to environmental conditions 
(e.g., poor diet may result in smaller body sizes) (Graham 1968). Typical body 
size classes are small (147 cm), medium (200 cm), large (230 cm) and extra 
large (286 cm) (Moody and Coreil 1986). (Table 6.2 Hsts the most common 
taxa in the KFHD1 assemblage [Lam 1992]). 
ANALYSES AND RESULTS 
Bone Densit ies And Spat ia l P a t t e r n i n g 
The excavation of KFHD1 covered both the area inside the den, the 
area immediately outside it, and a small basin 0.5 m below and to the east of 
the den (Lam 1992). Crocodylus crania were recovered from inside the den, a 
factor that Lam (1992:401) submits as important to interpretations of the 
fossil record, particularly those with "disproportionately high frequencies) of 
cranial elements." In fact, for the crocodile skeletal profiles, this distribution 
appears quite critical, since crania and jaw were the best represented of any 
element (see "Skeletal Part Profiles" below). 
Weather ing 
The weathering profile of the KFHD1 assemblage is shown in Figure 
6.4. The distribution of stages appears very normal, with stage two as the 
modal category. A Kolmogorov-Smimov Liiliefors test for normality of the 
distribution (Wilkinson 1989) (using the actual NISP rather than %NISP) 
shows that the distribution is in fact normal (N=6 [WS 0-5], ma-arimnm differ-
ence = 0.20, p = 0.84). The bovid materials, as reported by Lam (1992), were 
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Grant's Gravy's 
Caprovine Gerenuk Gazelle Zebra Dog Crocodile 
MNI 15 1 4 2 1 3 
NISP 445 12 35 29 22 315 
% Gnawed 37.5 80 50 24.1 55 24.8 
Table 6.2. List of most common taxa in KFHD1 assemblage. MNI, NISP, 
and percent gnawed values shown (data for mammals taken from Lam 
1992). 
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less weathered, with 95% of the bovid remains in stage l o r 2; five specimens 
were noted to be in stage 3 or higher. The crocodile component, in contrast, 
has only 64.8 % in stage 0 to 2, with the remaining 35.2 % divided among the 
later stages, but with only a fraction (0.32%) in stage 5. Granted that aH taxa 
were introduced into the den at approximately the same time, this would 
further indicate that reptile bone weathers at a faster rate than mammal 
bone. The variation in weathering stages seen in the sample is the result of 
differential susceptibiHty to weathering among elements, differences in expo-
sure (i.e., some specimens were buried while others were not, and some speci-
mens were recovered from inside the den itself, while others were outside), 
and perhaps differences in the time of introduction to the site. The evenness 
of the distribution suggests, however, that this latter possibility is not rel-
evant, but that the individual carcasses are of similar ages and are equaUy 
affected by the weathering process. If this were net the case, I would expect a 
non-normal distribution, perhaps one that is bimodal. 
Breakage And Surficial Damage 
Breakage in the KFHD1 sample was very minimal-only 0.9% NISP 
had any type of fracturing apparent. Only two specimens were observed with 
clear breaks not obviously related to gnawing activities. One proximal rib 
and one fibula each had transverse fractures of the shaft portion. While 
overall, much fragmentation of the KFHD1 materials had occurred, it had 
clearly resulted from gnawing. No cutmarks were observed in the KFHD1 
sample, suggesting that the carcasses brought to the site did not derive from 
the refuse of human camps or activities. 
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Lam (1992) reports that gnawing was not common on crocodile re-
mains, being restricted to 6 bones (humeri, femora, and metapodia). In 
contrast, I found carnivore-inflicted damage on 78 of the 315 specimens 
(24.8%) (Table 6.3). The types of damage included crenulation, tooth pitting, 
puncturing, and scoring, as weU as poHshing and pitting caused by gastric 
acids. A number of specimens stiU had hair embedded in the canceHous 
tissues—evidence that the bones had been ingested and the ingestor had 
recently consumed a mammal or swaUowed its own hair while grooming. 
Some of the most destructive gnawing observed was on vertebrae, resulting 
in reduction or loss of the posterior head, loss of the spines, lateral processes, 
and zygopophyses. Loss of cortex and exposure of canceHous tissue from 
gastric abrasion was observed on cervical and caudal centra, distal radu, rib 
fragments, a radiale, a calcaneus, and one long bone fragment. 
The mean value for maximum specimen length is 4.57 cm with a large 
range from 0.36 to 23.20 cm. The mean length for gnawed specimens is 2.70 
cm (S.D. 1.77) while the mean length for ungnawed specimens is 5.18 (S.D. 
4.89). Note that the standard deviations are very different between the two 
samples, reflecting the different sized ranges. A Kruskal-WalHs one-way 
analysis of variance for lengths of gnawed versus ungnawed, shows the mean 
lengths of the two subsamples to differ significantly (Mann-Whitney U Test 
Statistic = 11693.5, p < 0.00). This pattern is the opposite of that seen in the 
attritional assemblages, where gnawed specimens were significantly longer 
than ungnawed specimens, although in that sample, the ranges of lengths in 
the gnawed and ungnawed subsamples were nearly the same. I attribute the 
differences between the attritional and hyaena den assemblages to the basic 
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Damage 
no damage 
crenulation 
scoring, pitting 
tooth puncture 
gastric poHsh 
Frequency 
237 
2 
13 
7 
56 
Percent NISP 
75.2 
0.6 
4.1 
2.2 
17.8 
Table 6.3. List of types and frequencies of gnawing 
damage in the KFHD1 crocodile sample. 
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nature of the two, the former representing surface remains deriving from 
materials left at kul-sites, and the latter excavated material deriving from a 
resting area where parts of carcasses were probably brought and received 
long-term attention from hungry and perhaps bored hyaenas. 
Material at kul-sites, or in open areas, may not be heavily gnawed on 
at that location, but rather taken to a safe spot for eating. Gnawing that 
occurs on bones in open areas is probably related to the initial feeding se-
quence (consisting mostly of viscera and large muscle mass), and only second-
arily involves heavy destruction of the skeleton. The higher incidence of 
gnawing on larger specimens in attritional assemblages relates then to this 
initial feeding sequence. At KFHD1, in contrast, feeding may either have 
included or not included the removal and feeding upon of the viscera and 
large muscle masses, but may have focused on the later consumption of re-
maining tissue and softer parts of bones. The high incidence of gnawing 
evidence on smaller specimens reflects the regurgitation of the bone ingested 
during the later heavy utilization of the skeleton and remaining flesh; many 
specimens showed gastric polish and even hair embedded in the canceHous 
tissues (Plates 6.7-6.9). The high incidence of gastric poHsh (17.8 %) indi-
cates that much of the bone showing some form of gnawing was indeed in-
gested. Elements contained in the gnawed sample include a calcaneus, a 
carpal, cranial fragments, numerous vertebrae of all types (particularly 
caudal), phalanges and metapodials, a rib, humeri fragments, and scutes. 
The distribution of toothmarking across different skeletal part categories was 
very similar to that found in the attritional assemblages, with nearly equal 
%NISP gnawed values for axial and appendicular parts (38.66% NISP and 
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Plate 6.7a Small metapodial and caudal vertebrae fragments from KFHDl 
(view 1). 
Plate 6.7b Small metapodial and caudal vertebrae fragments from KFHDl 
(view 2). Hair was embedded in the cancellous portion of the metapodial 
fragment in the upper left. 
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Plate 6.8a Scutes and vertebral fragments from KFHDl (view 1). The thin 
outer edges of the scutes have been dissoved away. 
Plate 6.8a Scutes and vertebral fragments from KFHDl (view 2). Hair was 
visible in the cancellous portion of the scute on the bottom left. 
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Plate 6.9 Gnawed crocodile vertebrae from KFHDl. Right is anterior. The 
posterior head of the vertebra on the left has been gnawed to a small nub. 
The transverse processes have gnawing damage as well. 
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37.04% NISP, respectively), and a much smaller value for cranial (1.37% 
NISP). 
Skeletal Par t Profiles 
The skeletal part profile for KFHDl (Figure 6.5) shows that the cra-
nium and jaw are best represented across the individuals, with caudal axial a 
far second, foUowed by minimal representation of the other parts except the 
pelvis and scapula-coracoid, which are not present at aH. This pattern ap-
pears to reflect the most easily disarticulated parts of the crocodile skeleton— 
in other words, a "schlepped croc." The carcass study showed that the most 
common elements to remain at a kiU site are the pelvis, dorsal vertebrae, and 
ribs. At KFHDl these are not present in appreciable numbers, or at all. The 
high %MNI values for the cranium and jaw can be credited to their protection 
inside the den itself. 
Lam (1992:390-392) reports that when Feibel discovered the den in 
1982, there were four crocodile skuUs visible in the accumulation outside the 
series of dens, and "two sets of hyaena tracks coming up the laga with a Hne 
between them apparently caused by the tail of a small crocodile being drawn 
along." Although it is not certain, the tracks suggest that at least one whole 
crocodile was brought to the den area. If this is the case, then there has been 
very great destruction of the appendicular skeleton, since less than 20% of 
the three individuals was represented by either foreleg, hindleg, or manus/ 
pes elements. It is possible that these portions were removed from the car-
casses prior to their inclusion in the den assemblage, or that these were take 
away from the den after the whole carcass was brought in. The total lack of 
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the pelvis elements, which include the very heavy, sturdy sacral vertebrae, 
indicates to me that the carcasses were not complete when brought to the 
den. It is probable that the carcasses were brought in segments, and the 
heavy destruction of vertebrae, seen in the highly fragmented specimens 
displaying gastric poHsh, represents the later stage of carcass utilization 
when Httle muscle tissue remains. 
Carcass 17 (Plate 6.3) was disarticulated in a manner that left the 
hindlegs, pelvis, and part of the dorsal axial segment as one unit; another 
unit included 5 cervical vertebrae, 10 dorsal vertebrae and 9 thoracic ribs. 
Carcass 26 consisted of an articulated unit of dorsal skin and embedded 
scutes with nearly the entire vertebral column attached (including the sacral 
vertebrae but not other pelvic elements). The crocodile segment found inside 
the "Hon den" in the Koobi Fora area consisted of the dorsal skin and scutes, 
with the right humerus and left manus caught up in folds of the skin. Prob-
ably dragged into the shade for more comfortable enjoyment, these elements 
in odd association show how even normally nonarticulating elements can be 
carried off as a single package. These three examples clearly demonstrate 
how large segments of a carcass might be brought to a site without the ap-
pendicular skeleton. This scenario is consistent with the hypothesis that 
competition for available carcasses would have been very high among carni-
vores due to the drought conditions that existed at the time the denning site 
was active. 
CONCLUSION 
One of the most significant findings to emerge from the carcass and 
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hyaena den data is that, contrary to previous interpretations of these re-
mains (M. Leakey 1971; Davidson and Soloman 1990) crocodiles and turtles 
are very much subjected to carnivore feeding activities, if not predation itself. 
Although I never witnessed any predation events during my fieldwork, I did 
coUect a number of personal witness accounts of Hve crocodiles being dragged 
away from the water by Hons. The assemblages from KFHDl and the "Hon 
den" (Carcass 16,17, and 18) are examples of the accumulation of multiple 
crocodile carcasses in a restricted area, accumulations that could potentiaHy 
mimic the dense, multiple MNI assemblages expected at human campsites. 
Clearly, however, each of these assemblages shows particular indications of 
carnivore utilization, namely extensive gnawing damage. 
Spatial distribution of remains is problematic, since as a carcass ages, 
it disarticulates and scatters about its original location. Nevertheless, attri-
tional assemblages are composed of disarticulated carcasses, and as stated in 
Chapter Five, the underlying process governing the distribution of attritional 
assemblages may essentially be random (Poissonian) but it derives from, or 
perhaps is overlaid by, a clustering pattern reflecting the original locations of 
carcasses on the landscape. These two factors, kill site location and the 
nature of disarticulation, are prime quaHfiers in the generation of attritional 
assemblages. Factors influencing these include local population sizes, prey 
and predators as well as scavengers, cHmate, and sedimentological activity. 
The greater number of carcasses observed in the AlHa Bay area is therefore 
patently related to the higher bone densities in the Allia Bay survey areas, 
which in turn is with little doubt related to the higher Hve crocodile density 
there. The high bone densities indicate that the phenomenon responsible for 
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the greater number of carcasses at AlHa Bay must have been operating for at 
least the last four years, given the weathering profiles of the attritional as-
semblages. 
Both the weathering profile of the Koobi Fora Hyaena Den 1 crocodiles 
and the two crocodile carcasses with known years of death point to a faster 
weathering rate in crocodile remains (and perhaps those of aU reptiles) than 
seen in mammals This conclusion is tentative, as these examples constitute 
a rather inadequate sample and a somewhat confounding one at that. The 
KFHDl sample is thought to have been exposed for three years (1984-1987), 
Carcass 14 for three years, and Carcass 15 for four years, and they respec-
tively represent weathering stages 2 (modal stage), 5, and 4. Even with such 
a small sample size it is clear that compared to Behrensmeyer's (1978) Am-
boseH data, few of these remains would survive the 15 years she reports for 
mammalian carcasses. This pattern may be significant to interpretations of 
the formation histories of early hominid sites, which a number of authors 
have argued are time-averaged—representing accumulation over a long 
period of time. Behrensmeyer (1978:161) proposed using the weathering 
profile of a site's faunal materials as an indication of "relative duration of 
occupation, recurring occupations, or the presence of a "background' of skel-
etal materials that was not related to site formation." The faster weathering 
rate of reptilian bone provides a more fine-grained reconstruction of time-
averaging than the broad stage/years since death categories defined for mam-
mals (for example, stage 3 in mammals can indicate from 4 to 15 years since 
death) (Behrensmeyer 1978). 
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The extensive gnawing of the crocodile and turtle carcasses and the 
KFHDl crocodiles demonstrates that these animals are a fairly common 
meat resources for local carnivores, although their actual importance to the 
diets of the possible carnivores involved is unknown. The skeletal part pro-
files indicate that carcasses and parts of carcasses are moved about the land-
scape, away from the original kill sites, activities that affect attritional as-
semblage composition. As expected, the meatier segments of a carcass are 
most frequently targeted for removal, a pattern seen in the low representa-
tion of caudal axial elements at carcasses, but high cranial representation. 
As the KFHDl and "lion den" materials show, even more depleted carcasses 
or odd segments may be carried back to denning sites, where no doubt they 
experience greater damage than they would if left out in the sun at the kiU-
site. 
This chapter, while laying out the specifics of kiH-site patterning, or at 
a minimum that for ravaged carcasses, and the example of the Koobi Fora 
Hyaena Den 1 crocodile remains, also makes incursions into the matter of 
attritional assemblages as discussed in Chapter Five. The relationship be-
tween these types of assemblages is one of dependence, the form of attritional 
assemblage contingent on the passage of time and the slow ruin of carcasses. 
HydrauHc processes appear to be only minimally, if at all, involved in the 
distribution of crocodiles and turtles in the subaerial portion of the lake 
margin zone. Rather, carnivore gnawing damage present in the attritional 
assemblages indicates that many of the bone specimens comprising those 
samples derived from carcasses utilized by carnivores. In lake margins with 
extensive shallows, such as at Lake Turkana and the palaeolake at Olduvai 
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Gorge, aquatic reptiles may be very accessible through hunting in marshy 
areas, or through scavenging of carcasses resulting from attritional deaths. 
One clear deduction can be made from comparing the attritional and carcass 
assemblage data—that a very high degree of bone dispersal is occurring in 
most of the lake margin areas surveyed. The locally dense accumulations 
recognized as carcasses are dispersing over very large areas, aided in part by 
carnivore activities, and possibly burial, and weathering, to produce the low 
densities scatters seen in the attritional data. It appears that very high 
carcass densities, or very long periods of time-averaged accumulation, would 
be required to produce densities recognizable as "sites." The framework of 
comparison has now only to be completed with the discussion of human occu-
pation site patterning of crocodile and turtle remains. 
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CHAPTER SEVEN 
HUMAN OCCUPATION SITE ASSEMBLAGES 
Scenery is fine, but human nature is finer. 
—John Keats 
HUMAN UTILIZATION OF REPTILES 
This chapter presents the results of descriptions and analyses of 
aquatic reptile remains from recent human occupation sites. Previous re-
search describing short-term occupation sites of Dassenetch gcZ dies people 
by Gifford (1977) provided the expectation of finding such sites in the north-
eastern lake margin zone of Lake Turkana, Kenya. By virtue of not being 
traditional hunter-gatherers, the Dassenetch gal dies are argued to provide a 
better analogy for early hominines than groups having a long tradition of 
hunting/gathering (e.g., the Hadza, see O'ConneU et al.1988,1989; Bunn et 
al. 1988). Such traditional hunters have developed spedaHzed hunting 
methods over their longer history of interaction with their prey species. The 
methods and abiHties of less experienced hunters, on the other hand, are 
more in Hne with expectations for hominines lacking specialized hunting 
skiHs. Sites were discovered during random surveys of the lake margin areas 
around Ileret village near the Kenya-Ethiopia border, and with information 
gathered from local informants. The reptile components of five short-term 
occupation sites and one viHage site provide the database for this study. The 
goals of this part of the study were: 1) to investigate and describe human 
utiHzation patterning in crocodile and turtle remains, and 2) to define the 
expected bone densities of these remains as they occur in human-related 
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contexts. The results of patterning in these assemblages provides the third 
comparative base for this study, and are discussed relative to attritional 
accumulations, kill/death sites assemblages and the Koobi Fora Hyaena Den 
1 assemblage. 
The appHcation of uniformitarian principles to human behavior can be 
treacherous ground, made so out of the diversity and immense complexity of 
humankind. In contrast to actualistic studies in geology or palaeontology, 
those of archaeology, or ethnoarchaeology, are in constant need of redefini-
tion, clarification, and rationaHzation. Nature, as an object of study, is often 
seen as steady and predictable, but human nature is a complex and some-
times fickle product of two very different realms-the natural and the cul-
tural, a wedding that has produced a dazzling array of conditions, responses, 
and explanations for ourselves and the world in which we Hve. However 
perilous and labyrinthine the subject matter, proponents of behavioral ar-
chaeology stress that actuaHstic investigations can aid significantly in our 
understanding of the material correlates of prehistoric human activities. Two 
actualistic methodologies have resulted from the special needs of archaeologi-
cal investigations, one is called the direct historical approach (Willey and 
Sabloff 1974) and the other the "general comparative approach" (Ascher 1961; 
Oswalt 1974). The direct historical approach requires searching for ana-
logues of prehistoric contexts in the geographic and cultural descendents of 
those contexts. The assumption of continuity between the archaeological and 
modern contexts permits the researcher certain latitude in identifying ana-
logues for the interpretation of ritual or symbolic aspects of material culture, 
of specialized use, or community structure. The close relationship between 
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the modern and archaeological contexts, if reasonably demonstrated, pro-
duces more robust interpretations than when no historical relationship can 
be determined. The general comparative approach makes many fewer de-
mands on the relationship between the archaeological context and its modern 
analogue. Ties between the two are based on general similarity, the argu-
ments for the relationship being particular to the case being examined. As 
one delves farther into the past it becomes increasingly more difficult to make 
direct historical links between Hving and past populations, and as a result, it 
becomes necessary to employ the general comparative approach. In work 
relating to the early archaeological record, that of the Lower and Middle 
Pleistocene, inferences about symboHc or ritual behavior are not reHable, but 
there is wide consensus among archaeologists that other aspects of behavior, 
such as relating to subsistence, may be more amenable to analogically-based 
interpretation because of the functional and economical constraints on hu-
man nutrition (Binford 1981). 
Ethnoarchaeological research, that is, ethnography performed by 
archaeologists interested in examining material culture and the actions 
responsible for its production and archaeological form, has roots in cultural 
anthropology (Kroeber 1916, Lewis 1973). Its true origins as a field of in-
quiry separate from ethnography sensu strictu can be traced to Binford's 
(1977) promotion of "middle range theory" and his emphasis on the processes 
responsible for the archaeological record. Ethnoarchaeology's value to inter-
pretations of the earliest archaeological record was first clearly articulated by 
Lee's (1979) study of the IKung San subsistence ecology, and by his work's 
subsequent exposure during the "Man the Hunter" symposium (Lee and 
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DeVore 1968), and further highlighted by work on the subsistence of hunter-
gatherers by Binford (1976,1978), YeUen (1977a, 1977b, 1991a, 1991b), Gould 
(1970), Jones (1984), and Stewart (1991). 
The pitfaHs of using analogical reasoning in interpreting past human 
behavior has been outlined by a number of researchers (Asher 1961; Gould 
1970; Stahl 1993). The main concern is that in attempting to fiH in the un-
knowns of the archaeological record with the knowns of the ethnographic 
model, the past comes to look like the ethnographic present. Asher's (1961) 
"new analogy" supplanted the use of the direct historical approach in archae-
ology and promoted the selection of a range of appropriate ethnographic 
analogies based on shared "boundary conditions" such as subsistence base 
and environmental factors. Stahl (1993:236), however, argues that even 
Ascher's more Hberal use of analogy is ultimately self-limiting: 
If we accept the similarities that stem from the underlying 
connecting principle, then we accept the iUustrative value of the 
analogy. Whereas illustrative analogy has lent narrative power 
to accounts and enabled archaeologists to illuminate less acces-
sible aspects of the past, it effectively precluded the likelihood 
that an analogue would reveal significant differences in the 
past. 
I basically agree with Stahl's argument, although I feel that in palaeoanthro-
pological studies, the use of illustrative analogy can be used in a Hmited 
fashion to explore patterns of subsistence refuse. Most workers in this field 
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today are weU aware of the pitfaHs of over-interpreting the data and state-
ments as to the "cultural" behavior of Lower and Middle Pleistocene homi-
nids are rare. Rather, research is oriented to understanding site formation 
processes and the interpretive aspects of the archaeological materials, includ-
ing investigations into "site" recognition problems (Stem 1993; Rodgers and 
Harris 1992; Biumenschine and Masao 1991; Gifford 1977). The use of hu-
man analogies in these studies, including my own, faUs more into the realm 
of taphonomy than that of ethnoarchaeology, emphasizing the persistence of 
human accumulations of bone or stone materials, and examining the problem 
of site integrity and recognition after site abandonment. Although this study 
concentrates on particular aspects of faunal utilization that could be con-
strued as cultural (butchering methods as a reflection of patterns of sharing 
among kin or group members), I do not treat them as such. The intensity of 
carcass utilization by humans is, with reference to mammalian carcasses, 
fundamentally different than that by carnivores such as Hons and hyaenas. 
Where reptiles are concerned, however, I predict that utilization patterns are 
not as different between humans and large carnivores for the simple reason 
that the marrow cavities of reptile long bones are not as large as those of 
mammals of similar body size, and therefore activities aimed at recovering 
within-bone tissues (marrow, brain) are not very rewarding. In short, there 
should be Httle effort to break open long bone shafts. Identification of human 
patterning of crocodile and turtle remains therefore must rely on skeletal 
part profiles and other damage patterning, such as cutmarks and a lack of 
gnawing damage. 
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PEOPLE OF THE EASTERN SHORES 
The Dassanetch community at Beret (Figure 7.1) is the southernmost 
settlement of the Dassanetch pastoraHst tribe whose lands cover the extreme 
southwestern corner of Ethiopia. Ileret viHage is year-round residence to 
many Dassanetch families who also maintain smaH temporary Hvestock 
camps further away from the lake. The Dassanetch community is an eco-
nomically stratified one, with its own set of poor—cattle-less individuals caUed 
ugal dies." Gal dies constitute a separate social class, and without cattle, 
their subsistence economy differs dramaticaHy from the more wealthy Das-
sanetch families. For the most part, gal dies subsist on lake resources such 
as fish, crocodile, turtles, and occasionally hippo which they hunt, and by 
scavenging fresh lion kills when they can. From December through March, 
many Beret Dassanetch families, including gal dies, move north in order to 
raise millet, beans, and maize in the more fertile soils of the Omo delta. 
WhHe maintaining their hunting/fishing strategies, the gal dies live in smaH 
temporary camps along the lake shore. Surplus fish is dried and sometimes 
traded at Beret for millet, goats, and maize meal. Acquiring other goods, 
such as clothing, cooking pots, and metal for knives, is a real problem, how-
ever, and in general their material possessions are very, very sparse. While I 
was told that crocodiles and turtles are usually kept for gal dies consumption, 
I observed a fair number of crocodile bones scattered around the village, 
possibly indicating some reliance on this meat by others. 
Gifford's 1974 study of Dassanetch pastoralist and gal dies camps 
found gal dies camps south of the Koobi Fora spit. Much of this region is now 
part of the SibHoi National Park, and movements of people from Beret to 
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AlHa Bay, a common practice in the past, is now very limited due to the ef-
forts of the Kenya WHdlife Services to prevent cattle grazing and poaching of 
wildlife within the park boundaries. Probably as a result of this, I found no 
gal dies campsites south of the laga Tulu Bor. 
In order to examine human utilization patterns of crocodiles and turtles, 
four modern Dassanetch gal dies campsites were piece-plotted, and data 
coUected on the aH bone present. In addition to these four sites, I have in-
cluded in the sample another gal dies site, ER20, which was piece-plotted and 
subsequently excavated by Gifford in the mid-70s, and also an assemblage 
coUected from a transect through Elmolo "Village North, a smaH viUage 11 
kilometers north of Loyangalani, at the south end of Lake Turkana. 
Hunting of crocodiles and turtles is prohibited by the Kenya Fisheries 
Department, which has an office in Loyangalani. Richard Leakey, then Di-
rector of the Kenya Wildlife Services, informed me that in the more remote 
areas, subsistence hunting of these animals is tolerated, as long as it does not 
take place within the boundaries of the National Parks (pers. comm. 1991). 
Constant monitoring for clandestine commercial operations is undertaken by 
the Fisheries Department and the WHdlife Services. 
The Elmolo hunt crocodiles away from their viUage, since human activ-
ity in the area has driven away the crocodile population. The major aspects 
of butchering of crocodiles—the removal of the head and skin—usually is 
carried out just outside the viUage, and the rest is returned in parts. One 
informant told me that because the Fisheries Management officials in Loyan-
galani have warned the Elmolo not to hunt crocodiles and turtles, the car-
241 
casses are often broken up into smaller bits, so that if an official was to drop 
by an look into their cooking pots, they wouldn't recognize the reptiles for 
what they are, but instead mistake them for goat. Others, however, described 
butchering and preparation similar to the gal dies methods, and coHection of 
the bones from the viUage supported this, rather than the initial claim. 
Methods of hunting, butchering, and cooking of turtles and crocodHes are 
comparable between the Elmolo and gal dies in aU respects but the locations 
in which these activities take place. The differences in sedentary versus 
temporary occupation site types result in a dramatic divergence in discard 
behavior. The gal dies sites are more densely covered with bone, most fre-
quently with heavy accumulations directly around the hearth area, and 
larger bones discarded further away from the hearth, and in fact, one group 
of gal dies explained that they move to a new location when the quantity of 
bone refuse becomes bothersome. In the case pictured here, they had re-
cently moved just their hearth down shore about 12 meters because of the 
bone clutter. In contrast to this, the Elmolo discard bone waste away from 
living areas, carrying it away from the huts on the peak of the ridge they 
occupy to toss it downslope. 
The analogy between these modern human sites and the prehistoric ones 
is admittedly weak. The Dassanetch gal dies are not traditionally hunter-
gatherers, nor are the Elmolo. Nevertheless, whHe both groups sometimes 
use small dugout canoes or rafts in their fishing, their hunting and foraging 
of aquatic reptiles is not completely reHant on means unavaUable to early 
hominids. Harpoons, sticks, and bare hands comprise the tools needed to 
acquire turtles and crocodiles and slow wading through grassy shaUows the 
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means of stalking these prey. Harpoons consist of a metal barb fastened to 
an oryx horn which provides a socket for attachment of the shaft. These are 
primarily retrieval-tools for spearing offish and hunting hippo and crocodile. 
Turtles and small crocodiles are sometimes serendipitously caught in fishing 
nets, but trapping medium to large size crocodiles in the nets is strictly 
avoided because of the damage the animals can inflict on the nets. SmaH 
crocodiles are speared either from a boat or while the hunter is wading in 
shaBow water. Large crocodHes are stalked by two or more men who wade 
out into the water far away from the targeted crocodHe who is ashore sunning 
itself. I was told the size of the crocodHe hunted is limited only on how many 
men are involved in the hunt. The men approach the crocodile from the 
water and attempt to block its escape. The crocodHe is rushed and speared. 
If rope is avaUable then a harpoon with rope is thrown first to hold the croco-
dHe while other men approach in order to dispatch it with a thrust to the 
head. 
BUTCHERING PRACTICES 
I witnessed two crocodile butcherings during my fieldwork. Both croco-
dHes were smaH, about 3 feet long and weighing 3 kg. The meat on a croco-
dHe is concentrated on the torso (excluding ribs and vertebrae) and in the 
tail, with the proximal appendicular elements carrying less (see Figure 6.3 
for graph of percent live weight each part contributes to overaH meat return). 
The placement of the initial cuts for skinning depends on whether or not the 
belly skin is to be saved. Just as an aside, the Elmolo told me that the skin 
makes great shoes, or sandals, as the case may be—a humorous addition to 
that list of so-caUed "Cultural Universais." If the skin is to be saved, instead 
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of a midline ventral cut, a cut is placed lateraUy and smaller ventral cuts are 
made up the limbs and down the tail. The head may be cut off before skin-
ning or after much of the skin has been loosened from the body. The arms 
and legs were puUed through the akin as is the tail, with skin remaining on 
the extremities. The internal organs were carefuHy removed, as they said the 
hue is poisonous. AH internal organs were discarded. The extremities were 
cut from the limbs and thrown away, and the pelvis spHt ventraBy along the 
pubes and through the sacral vertebrae. My informants said the pelvis is not 
always split, but depends on the size of the cooking pots to be used, or 
whether or not the meat wiH just be roasted. The vertebral column was cut 
cranial to the first sacral vertebra, and the ribs cut away at the zygopophy-
ses, the forelimbs being removed with them. The hindbmbs were cut away 
from the pelvis at the acetabulum. The taH and vertebral column were then 
split into numerous pot-sized segments. The number of resulting pieces 
depends entirely on the size of the crocodHe, which may, if its large, be split 
into 8 limb segments (upper and lower), 10 or so taH segment, approximately 
two pre-sacral vertebral segments, the pelvis, or two halves of it, the two 
coracoid-scapulae, and 4 rib racks. The head, which actuaHy has quite a bit 
of meat on it (consisting of the jaw musculature,) is always thrown away 
because of the difficulty of removing the skin. It was said that crocodile skin 
makes the meat taste bad if it's left on during cooking. 
Pelusios are thrown on the fire whole until they turn black and crack, 
then they are broken up by hand, the innards are discarded and the rest is 
eaten, much Hke a roasted chicken. Trionyx, on the other hand, because of 
the nature of their shells which are soft and have a gooey texture when 
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cooked, are removed from the sheU before cooking by cutting it along the 
bridge peripherals. I missed seeing a Trionyx getting butchered by about a 
half hour—in fact I arrived just in time for it to be served. The internal 
organs are removed and discarded, then the head, shoulder girdles, and 
forelimbs are removed together and the head is discarded. The two halves of 
the pelvis, each with its hindHmb, are removed. The limbs are then sepa-
rated from the shoulder or pelvic girdle, resulting in 6 "parts", the four limbs, 
two coracoid-scapulae, and two innominates. These are not skinned prior to 
cooking. 
FIELD METHODS 
Recent short-term occupation sites were located by interviews with 
locale people, some of whom are Dassanetch gal dies. Informants were able 
to accurately describe the location of sites (accounts were determined to be 
accurate after actually finding the sites where they were said to be), and they 
attested that all the short-term campsites included here were occupation 
sites, and not simply processing sites. For at least one of these recent sites it 
was certain that animals had been butchered and consumed on-site, for the 
other three sites personal accounts of camp activities were not avaUable. The 
ER20 site materials, described previously by Gifford (1977) and Gifford and 
Behrensmeyer (1977), also have been included in this analysis. Additionally, 
a transect sample of aquatic reptile bones from Elmolo Village North, near 
Loiangalani, have been added to the study as a point of comparison. Elmolo 
Village North is a permanent Elmolo Village and the bone sample undoubt-
edly represents a longer, more continuous deposition of bone specimens than 
any of the samples from short-term occupation sites. 
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At each site, my two field assistantsand I flagged aH bone visible on 
the surface and aH cultural materials (e.g., pHes of brush or firewood, hearth 
stones, bits of materials or metal). At two sites ground visibHity was ob-
scured by long Sporobolus grass and so extra effort was required during 
survey to ensure as much surface materials was discovered as possible. Us-
ing a transit, the materials were mapped and a topographic points shot in for 
later use in constructing topographic maps of each site. AH bone specimens 
were left in place but described as to taxon, element, side, portion, damage 
(e.g, carnivore gnawing, cutmarks), weathering stage, degree of burial, and 
substrate. 
OCCUPATION SITE DESCRIPTIONS 
S i t e l 
Site 1 (Figure 7.2 and Plate 7.1) is situated approximately 2 km on a 
sandy beach southwest of Beret. Nearby was an anchoring point for a few 
small boats owned by Beret residents. The hearths were located directly at 
the base of the most recent beach ridge, on which the Sporobolus grass 
showed evidence of burning. Inland the ground was hiHocky and covered 
with Sporobolus grass. The site reportedly had been occupied within the 
previous month for one day by two men. There were two hearths within 6.6 
m of each other, but their contemporeneity could not be estabHshed. Reptile 
bone densities were lowest here, with 0.07 bones per square meter. Trionyx 
and Crocodylus niloticus were present with a combined NISP of 24, each 
represented by one individual. Fish remains were abundant. 
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Figure 7.2 Topographic map of Site 1. Locations of bone and cultural mate-
rials are indicated; contour interval is 0.1 m. Circular elevated areas are 
small dunes. The lake margin was ponded and bones were mapped in these 
shallow water areas. 
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Plate 7.1. General view of Site 1. Photo is looking southeast. The lake is 
just to the left of the view. Two hearths are visible, one in the foreground on 
the left, and the other in the middle of the view toward the right. A boat has 
been pulled ashore just to south (upper righ-hand corner). 
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Site 2 
At the time of the study, Site 2 (Figure 7.3 and Plate 7.1a & b) was 
currently occupied (and had been occupied for not quite a month by that time) 
by 9 men, 2 women, and 4 chUdren. It was found on the shores of some 
marshes 3 km northwest of Beret. The group had been very actively fishing 
in order to buUd up some surplus fish for trading, and fish bones HteraUy 
blanketed some areas of the site. Two hearths were present, each with its 
own hearth stones, although one was recently abandoned because of the 
dense clutter of bones around it. A smaH shade shelter had been constructed 
of saplings and the area around it was relatively free of bone. The crocodHe 
remains at this site (NISP=396, MNI=6) represented a large range of sizes, 
with crania measuring 15 cm to 58 cm. Trionyx remains at the site were 
scanty with an NISP of 8, MNI=2. Hippopotamus remains were present in 
equally small numbers. Fish remains were abundant, but counted only in 
terms of size (diameter) of scatters. 
Site 3 
Site 3 (Figure 7.4 and Plates 7.2a & b) had been occupied, by 2 men for 
2 or 3 days 3 months prior to my study. It was located further inshore than 
any of the other sites, under a small tree in a wash leading to a dried pan or 
basin devoid of vegetation. Outside the basin was the usual Sporobolus grass 
and about 150 m west were reed beds on the lake margin. Most of the bone 
at this site was located in the wash channel. C. niloticus was represented by 
an NISP of 79, MNI=2, Pelusios an NISP of 45, MNI=1 and Trionyx by 45 
also, with an MNI of 1. One hearth was present, with hearth stones and a 
smaH pHe of brush and one piece of timber nearby. Goat and fish remains 
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Plate 7.2a General view of Site 2, looking northeast. The lake margin is in 
the foreground. There is a small shade-shelter to the middle left of the photo. 
One hearth is visible just to the right of the middle of the photo, and the 
other is located further north on the other side of the shelter. 
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Plate 7.2b General view of Site 2, looking west. The southernmost hearth is 
shown here. 
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Plate 7.3a General view of Site 3, looking west. The hearth is located near 
the tree. Pin-flags are marking the locations of bones. 
Plate 7.3b Close up of the Site 3 hearth and brush pile. Phillip Kilonzo is 
swatting over the hearth, the brush pile is to the left of him. 
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were present in numbers approximating the reptile remains. 
Site 4 
Site 4 (Figure 7.5 and Plates 7.5a & b) was of an unspecified age; people 
said it had been used "some time ago," for "a whHe" by a group of gal dies 
estimated at 8 or 10 including men and women. The area had experienced a 
grass fire 3 months before and many of the bones at the site were burned, 
either Hghtiy brown, or heavily. It was not clear whether aH of the burned 
bone resulted from the grass fire. No hearthstones were present, and no 
clear hearth area could be discerned from examination of the site's surface. 
Dispersed areas of ash mixed with sand were present, but their origin, be-
cause of the fire, was equaHy unclear. The bones at this site were fairly 
weathered, including the mammal bone which was showing features of 
Behrensmeyer's Weathering Stage 2. C. niloticus was represented by an 
NISP of 57, and an MNI of 4, and Trionyx by an NISP of 59, MNI=5. Croco-
dile and Trionyx skeletal part representation at this site are both highly 
biased toward meat-bearing elements. A few specimens representing Hippo-
potamus, Equus and Phacochoerus (warthog) were also present. 
ER20 
A previously reported short-term human occupation site has also been 
used in some parts of this analysis. ER20, described by Gifford (1977) and 
Gifford and Behrensmeyer (1977), was observed by Gifford during occupation. 
The site was situated 400 m from the lake, within the main distributary 
channel of the Arap Mehto laga, a seasonal stream just north of Allia Bay. 
The site was a temporary campsite for 8 men for 4 days in November of 1973. 
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Plate 7.4a. General view of Site 4, lookingnorth. The bush to the right 
appeared be at the center of the site. A long-grass marsh is visible in the 
distance. 
Plate 7.4b. General view of Site 4, looking northeast. A fairly tall dune is in 
the middle of the photo. Bones are visible over its surface and around it. 
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Immediately after abandonment, Gifford mapped the site, making note of the 
location and amount of faunal debris, hearth, and other materials left. Four 
months after the site had been abandoned, Gifford and Behrensmeyer (1977) 
excavated the site, treating it as an archaeological occurrence, and reporting 
on taphonomic processes that appeared to have influence the recovered 
sample (the site had been buried by 30 cm of sediments in the course of four 
or five floodings). 
The excavation only sampled the original camp, but included a trench 
located downstream from the main channel in which the camp was located. 
Gifford and Behrensmeyer (1977:248) report that during occupation of the 
site, the men "procured and ate 40 terrapins, [and] 4 crocodHes ranging from 
1 to 2 m in length..." The aquatic reptiles from the original excavated sample 
comprised 48.7% of the total NISP (aH taxa included) (Gifford and Behrensm-
eyer 1977). My own analysis of the ER20 reptile remains identified 506 
specimens for C. niloticus and 545 for Pelusios. Even though the overall 
NISP for ER20 is much higher those for Site 1 through 4, since ER20 was an 
excavated sample, the original mapping of the surface produced an NISP of 
200 (all taxa), including 159 identified to reptile (C. niloticus and Pelusios) 
(Gifford and Behrensmeyer 1977). These numbers compare favorably with 
the sites I describe from my own fieldwork. Gifford and Behrensmeyer (1977) 
report that the average maximum dimension of specimens found in the occu-
pation substrate was only 2.38 cm, and that the few specimens larger than 5 
cm were aH long and thin in shape (< 0.5 cm in thickness). A comparison 
between average maximum dimensions of the original surface sample and the 
excavated sample is pertinent to this discussion, since the other sites dis-
257 
cussed here are represented only by surface sample. 
Elmolo Village North 
The Elmolo Village assemblage has been added as a point of contextual 
contrast. The area of the vHlage is smaH, approximately 160 m by 300 m 
encompassing 27 huts and occupied by approximately 135 Elmolo and Tur-
kana people (Plates 7.5a & b). This permanent occupation site is situated on 
the lakeshore, approximately 15 km north of Loyangalani on Elmolo Bay 
which is partiaBy protected by a small island. Until the 1970s, Elmolo Bay 
had two islands, but the retreat of the lake has connected one to the main-
land. The remaining island is caBed Loriyam, or Lorian, by the Elmolo. 
Elmolo VHlage North sits on a ridge of what used to be Anderi Island. There 
are 27 huts occupied by approximately 130 people, many of whom identify 
themselves as Elmolo, and the rest Samburu or Turkana. Prior to European 
intervention, the Elmolo reHed primarily on lake resources, using barbed 
metal harpoons to hunt crocodiles, fish and less frequently, hippos. During 
my visit, informants took me to the island they once inhabited. We waded a 
few hundred meters through the thigh-high water stiU separating the island 
from the mainland. Still visible on the surface were cobble rings that once 
supported dome-shaped huts, weathered bone, and pottery sherds remaining 
as evidence of the earlier occupation of the island. Certain beaches on this 
island are still favored for fishing camps. One that was shown to me was said 
to have been used by the informant's father, grandfather, and so on. 
A collection of surface bone was made along a transect 160 m long and 
20 m wide cross-cutting Elmolo VHlage North. A total of 240 specimens were 
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Plate 7.5a. General view of Elmolo Village North, looking northeast. The 
lake is seen to the left. The Catholic mission can is in the distance to the 
right. 
Plate 7.5b. View of transect through Elmolo Village North, looking north-
west. The transit is visible at the top of the ridge. On the other side, the 
elevation drops down to the lake. 
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coUected, 159 assigned to C. niloticus, and 81 to Trionyx triunguis. The sub-
strate was sandy sUt with 100% visibiHty. These materials, presumably 
having been deposited over a long period of time, were expected to show a 
more complete weathering profile than the materials observed at the tempo-
rary campsites. 
ANALYSES AND RESULTS 
Bone Densities and Spatial Patterning 
Reptile bone densities in the four sites I piece-plotted ranged from 0.05 
bones per square meter to 1.9 bones per square meter (Table 7.1). OveraH 
bone densities were much higher due to the fish bone present, which occurred 
in numerous large dense scatters of smaH bones. Fish bones, however, were 
not counted independently and so overaH bone densities cannot be figured. 
Mammalian remains did occur at some sites, but in lower numbers than 
reptile remains. The ER20 excavated sample bone density is highest, owing 
to the recovery of smaH and subsurface specimens. The occupation site sur-
face reptile bone densities are one to two orders of magnitude greater than 
the attritional assemblages discussed in Chapter Five. A more complete 
discussion of the relationship between bone densities and surface versus 
excavated samples is given in the section describing breakage patterns in 
these assemblages. 
As was done for the attritional assemblages, the spatial patterning of 
the human campsites was analyzed for spatial autocorrelation and random-
ness (see Chapter Five for explanation of analysis). Briefly reviewing the 
analysis from Chapter Five, calculation of Moran's I for the attritional survey 
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Site 
1 
2 
3 
4 
ER20 
EMV 
Area 
(ms) 
4,200 
4,200 
1,400 
4,200 
391 
3,200 
MNI 
3 
7 
4 
9 
33 
14 
NISP 
74 
409 
120 
121 
1,052 
256 
Densi ty 
(NISP/m2) 
0.018 
0.097 
0.086 
0.029 
2.691 
0.080 
Table 7.1. List of occupation site bone densities. Area! extent, MNI, NISP 
also given. 
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areas showed that spatial patterning varied widely, with certain areas char-
acterized by positive spatial autocorrelation, others by complete spatial ran-
domness, and one demonstrating negative spatial autocorrelation. Further 
analysis examined these survey areas for randomness, or more precisely for 
their fit to a Poissonian random distribution. Only one area, Area 7, was 
shown to be nonrandom ("highly clustered") in its observed frequency of ceU 
counts. The positive and negative spatial autocorrelation seen in the other 
survey areas was therefore attributed to chance. 
Table 7.2 shows the results of the calculations of Moran's I for the four 
human campsites I mapped (ER20 is excluded), and the interpretations of the 
distributions. Three of the four human campsites are characterized by posi-
tive spatial autocorrelation, with the remainder exhibiting complete spatial 
randomness. Checking for Poissonian randomness, Sites 2 and 3 indicate 
nonrandomness, while Sites 1 and 4 fit a Poisson distribution (Table 7.3). For 
the human campsites, the NISP values are far higher than the average of 88 
for the attritional assemblages (Table 7.4). The median value (= 36) for the 
attritional assemblages, less affected by the outlying high value of 361 for 
Area 7, is probably a more reHable indicator of this disparateness. Neverthe-
less, it is clear that higher NISP does not necessarily ensure a finding of 
nonrandom positive spatial autocorrelation, as only two of the four human 
sites pass this test, so to speak. 
In the examination of the attritional assemblage survey area, Area 7 
was the only area to exhibit nonrandom spatial autocorrelation. This area 
contained 4 relatively complete crocodHe carcasses, their great degree of 
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Moran's I Moran's I 
Site Observed Expected z-score p Distribution 
1 
2 
3 
4 
1.3030 
2.7466 
1.1946 
5.0392 
-0.01818 
-0.02439 
-0.04349 
-0.01786 
3.375 
14.132 
9.114 
1.366 
<0.0005 
<0.0001 
<0.0001 
>0.05 
PSA 
PSA 
PSA 
CSR 
Table 7.2. List of spatial autocorrelation results for attritional assemblages. 
Shown are the observed and expected values of Moran's I, associated z-score 
and probabiHty, and interpretation of spatial distribution. PSA=Positive 
Spatial Autocorrelation, CSR=Complete Spatial Randomness. 
Probability 
Site Mean Variance t-statistic df (p<x) Distribution 
-0.31 55 >0.05 poisson 
240.81 41 < 0.0005 highly clustered 
45.11 23 < 0.0005 highly clustered 
1.3592 77 > 0.05 poisson 
Table 7.3. Mean and variance comparison tests. Comparison for regular 
versus clustered patterning of spatial distributions, t-statistics and probabil-
ity given along with interpretation of distributions. 
1 
2 
3 
4 
0.3214 
9.3095 
5.1667 
1.4680 
0.2623 
62.4948 
18.4688 
1.6884 
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Spatial 
Site Distribution Autocorrelation NISP 
1 Poisson positive 23 
2 highly clustered positive 404 
3 highly clustered positive 124 
4 Poisson none 117 
Table 7.4. Results for test of Poissonian randomness. Listing of distribution 
type, autocorrelation type, and number of identified specimens. 
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articulation contributing to the highly clustered patterning found. Had there 
been no articulations present, but only sHght scattering of the remains, this 
highly clustered patterning would stiU be retained. The lack of spatial auto-
correlation at two of the human sites indicates scattering of the remains, 
since few articulations were present. At small, temporary campsites such as 
these being examined, one might think that movement of materials around 
the site would be minimal, leading to clustering of materials, perhaps around 
a hearth. Factors that may affect the "integrity" of an abandoned campsite 
stHl observable on the surface include number of original occupants, exposure 
of the site to scavenging animals (including domestic dogs), and length of 
time since abandonment. Sites 1 and 4 do not share any characteristics that 
relate number of occupants or time since abandonment: Site 1 was occupied 
very recently (prior to study) and was occupied by two men; Site 4 was occu-
pied in the more distant past, and was occupied by 8 to 10 persons. The 
degree of carnivore gnawing found on the remains from each site, however, 
does differentiate these sites from the other two for which positive spatial 
autocorrelation was supported. Toothmarking was found on 16.7% of the Site 
1 reptile remains (NISP), and on 39.4% of the Site 4 reptile remains. In 
contrast, Site 2 had toothmarking on only 1.77%, and Site 3 had no tooth-
marking present at all. It may be, then, that scattering of the reptile remains 
at these sites can be attributed to the actions of scavenging carnivore disturb-
ing the sites after abandonment. 
Weathering 
Bone weathering in the human occupation site assemblages was mini-
mal, as expected, since I was surveying for recently abandoned sites. As 
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mentioned, one site, Site 2, was stiH occupied at the time of mapping, and 
ER20 was excavated after it had been buried by a number of closely spaced 
flood events. The weathering profiles for the human camp sites, including 
ER20, are shown in Figure 7.6. Nearly aH the profiles are dominated by W.S. 
0, with Site 4 the only exception. AH the sites examined, except for Site 4, 
were examined within a few months of occupation. The weathering profile 
for Site 4 indicates that the site had been abandoned for some time with no 
new material added. The bones appear to be cycling (i.e., what Lyman and 
Fox (1989:300) describe as foUowing a "wave model") through the weathering 
stages. Breaking down the weathering profile for each taxon, it is clear that 
in most cases, aU the reptile remains appear to have been added to the site at 
approximately the same time (Table 7.5). At Site 3, a number of W.S. 3 Tri-
onyx pleural fragments were scattered about the western margin of the site, 
none of which faB into W.S. 0, but rather are distributed between W.S. 1 and 
3, while the C. niloticus and Pelusios remains (except indeterminately weath-
ered materials, such as teeth) faH into W.S. 0. This pattern suggests that the 
Trionyx material derived from natural processes. With the exception of the 
Site 3 material, the weathering profiles were similar between reptile taxa at 
the short-term occupation sites. At Sites 1, 2, and ER20, each observed or 
excavated only a few months after occupation, a range of weathering stages is 
observed, dominated by W.S. 0, but with a small minority of specimens rang-
ing sometimes into W.S. 3. The more weathered materials from these sites 
are attributable to "background" scatter. The Site 4 materials show the most 
advanced weathering of the short-term occupation sites, fitting with infor-
mants descriptions of it having been occupied a "some time ago," as compared 
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Weathering Stage 
Site Taxon 0 1 2 3 4 5 indet NISP 
1 
2 
3 
4 
ER20 
EMV 
C. niloticus 
Trionyx 
C. niloticus 
Trionyx 
C. niloticus 
Pelusios 
Trionyx 
C. niloticus 
Trionyx 
C. niloticus 
Pelusios 
C. niloticus 
Trionyx 
14 
3 
346 
2 
60 
3 
0 
2 
3 
272 
469 
59 
31 
2 
2 
32 
2 
0 
0 
2 
17 
19 
74 
41 
67 
6 
0 
1 
23 
4 
0 
0 
8 
35 
30 
11 
6 
10 
28 
0 
1 
0 
0 
0 
0 
32 
3 
5 
1 
0 
23 
10 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
20 
0 
0 
0 
0 
147 
31 
0 
0 
17 
7 
401 
8 
80 
3 
42 
58 
57 
505 
547 
162 
78 
Table 7.5. Occupation site weathering data. 
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to the other more recently occupied site. The Site 4 weathering profile sup-
ports the evidence from the attritional assemblages that the bone weathering 
data can be used to infer duration of exposure. 
At Site 1, paired Trionyx elements, the right scapula-coracoid versus 
the left scapula-coracoid feH into adjacent weathering stage categories (W.S. 1 
versus W.S. 2). These shoulder girdles clearly represented the same indi-
vidual as the carapace and plastron at the site. It is possible that the weath-
ering of the scapula-coracoids was caused by cooking (probably boHing), 
resulting in disparate damage to different parts of the same carcass. Like-
wise, at Site 2, a total of 61 specimens was in W.S. 1 -3, and of these, 32.8% 
were cutmarked, although none of these were Trionyx. In fact, the few 
(NISP=8) Trionyx specimens at Site 2 showed no traces of gnawing, breakage, 
or cutmarking, suggesting attritional origins. At ER20, 133 specimens were 
in W.S. 1-3, of which 30.1 % were cutmarked. These data indicate that even 
the more weathered specimens at these recently occupied sites (or in the case 
of Site 2 at the time of study, currently occupied) derived from the human 
activity in the area and not solely natural attritional processes. Again, I posit 
that the differences in weathering rates among clearly related bones (i.e., 
those representing the same individual) are attributable to the cooking of 
bones, either by roasting or boiling. 
The Elmolo weathering profile is considerably different from the oth-
ers, and its shape suggests that material is constantly being added to the 
surface, rather than input having been restricted to a short time period. The 
result is each weathering stage grading into the next, with gradual loss of 
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material in each stage, probably through burial or trampling (breakage). 
Interestingly, even though bone input at Elmolo VHlage North has been on-
going for over twenty years, no specimens were recovered in W.S. 5. In Fig-
ure 5.2 bar graphs show the percent number of identified specimens repre-
senting each weathering stage in each survey area. Note that specimens of 
indeterminate weathering stage are not shown, so that the percentages for 
areas 1 and 6 do not equal 100%. On the other hand, three attritional survey 
areas and one crocodHe carcass (Carcass 15) included specimens in W.S. 5. 
Bones in this latter weathering stage are very friable, and as a result, may 
not survive on surfaces where humans or other animals are frequently mov-
ing about. A comparison of the weathering profiles for C. niloticus and Tri-
onyx from Elmolo VHlage shows them to be sHghtly divergent with regard 
numbers of specimens in W.S. 2 and W.S. 3. An examination of the element 
representation in the Trionyx weathering categories shows that appendicular 
elements outnumber shell elements in weathering stages 1 and 3, but that 
with respect to appendicular elements and sides, the categories are similar in 
terms of membership. I cannot attribute the differences between the C. 
niloticus and Trionyx weathering profiles to any known process other than 
unequal rates of input due to differences in carcass acquisition, butchering, or 
both. 
Breakage and Surficial Damage 
Breakage of elements at the occupation sites varied widely, but overall, 
at the sites I observed in the field, whole or nearly whole bones predomi-
nated. Reptiles have little in the way of within-bone tissues and so fracturing 
of long bones was not expected and very Httle was observed. The greatest 
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amount of breakage that I expected to see, and indeed, that did occur, was 
fracturing of Pelusios sheUs. Trionyx sheUs are commonly cut away from the 
rest of the body, rather than cracked or burned open. As a result, at least 
when human predation and butchering are concerned, Trionyx tends to pro-
duce fewer sheB fragments than does Pelusios. 
Various factors affect the representation of elements and bone frag-
ments in surface surveys. As Gifford and Behrensmeyer (1977) point out, 
sites like ER20 that are situated on soft sediments wiH have high subsurface 
specimen counts as foot traffic across the Hving area pushes bone down into 
the soft substrate. Since I did not excavate any of the occupation sites during 
my 1990-1991 fieldwork, it is possible that my assemblages are biased 
against smaU-sized elements and fragments. My intent is to return to these 
sites in the future to document changes to the surface accumulation and to 
excavate them. Both maximum specimen dimension (referred to as length) 
(Table 7.6) and the representation of bone portions, that is percent of whole 
element, have been examined in order to assess size bias in these recent 
occupation site assemblages. At Site 1, the substrate was loose sand, and so 
fragmented bone may have been missed. At Site 2, Sporobolus grass domi-
nated, covering a very hillocky terrain. Away from the water, visibility de-
creased with increasing grass height and decreasing dune wavelength . Near 
the water the grass was short and the ground appeared well packed, probably 
from the great amount of foot traffic, but still small bones were abundant on 
the surface. Site 3, located further inland than the other sites, was situated 
next to a dried pan and the soft substrate did not have much depth. Here, 
small fragments were abundant. This is probably the combined result of the 
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Leng th (cm) 
Site Taxon rain m a x m e a n SJ3 . med ian NISP MNI 
1 
2 
3 
4 
C. niloticus 
C. no teeth/scutes 
Testundines 
OveraH 
C. niloticus 
C. no teeth/scutes 
Testundines 
OveraH 
C. niloticus 
C. no teeth/scutes 
Testundines 
OveraH 
C. niloticus 
C. no teeth/scutes 
Testundines 
OveraH 
ER20 
EMV 
C. niloticus 
Testundines 
OveraH 
C. niloticus* 
Testundines 
OveraH 
4.50 
12.00 
5.00 
4.50 
0.50 
3.00 
4.50 
0.50 
3.00 
3.00 
3.50 
3.00 
2.00 
2.00 
3.30 
2.00 
0.76 
0.72 
0.72 
2.78 
3.75 
2.78 
37.00 
37.00 
14.40 
37.00 
58.00 
58.00 
21.00 
58.00 
37.00 
37.00 
14.00 
37.00 
30.00 
30.00 
20.30 
30.00 
37.00 
18.00 
37.00 
33.50 
24.60 
33.50 
21.91 
23.00 
10.41 
18.56 
13.96 
14.00 
10.50 
13.89 
8.77 
8.86 
9.72 
9.11 
10.23 
10.39 
9.84 
10.04 
3.99 
3.64 
3.81 
11.39 
9.20 
10.68 
11.77 
11.24 
2.81 
11.27 
8.76 
7.76 
5.59 
8.72 
6.44 
6.55 
1.98 
5.29 
5.31 
5.33 
3.97 
4.68 
3.01 
2.90 
2.95 
8.60 
3.27 
7.37 
21.00 
21.00 
11.00 
12.00 
12.50 
13.00 
9.50 
12.50 
7.50 
8.00 
10.00 
9.50 
9.27 
10.13 
9.58 
9.58 
3.50 
2.75 
2.99 
9.01 
9.12 
9.06 
17 
16 
7 
24 
401 
358 
8 
409 
80 
77 
45 
125 
58 
56 
56 
114 
500 
552 
1052 
162 
78 
240 
2 
1 
3 
6 
1 
7 
2 
2 
4 
4 
5 
9 
3 
22 
25 
7 
7 
14 
no teeth or scutes in this assemblage 
Table 7.6. Descriptive statistics for occupations ties assemblage specimen 
lengths. Data for crocodHes and turtles given separately. 
272 
nature of the substrate and the nature of the occupation: only two men used 
the site, and for only two or three days. The intensity of occupation contrib-
utes to the movement of materials into the ground, so the fewer the inhabit-
ants or the shorter the stay, the greater the likelihood small fragments wiH 
not migrate below the surface. Site 4 was located on sandy substrate, bor-
dered by an area of moderate to small sized dunes stabihzed by Sporobolus 
grass. Many specimens lay on top of the dunes suggesting that the bones had 
not been buried and re-exposed by deflation, but lay in their original, post-
abandonment locations. 
As shown by Table 7.6, the ER20 assemblage is dominated by small 
specimens, the mean specimen length, being only 3.81 cm. Site 2, in contrast, 
has a smafler minimum specimen length but a much larger mean specimen 
length, and a much larger standard deviation. The maximum length at each 
site is represented by a whole or nearly whole crocodHe cranium. I expected 
that the representation of crocodHe versus turtle would have the greatest 
effect on the size distribution of remains, since there exist rather large body 
size differences between C. niloticus and the turtles Trionyx and Pelusios. In 
other words, with both groups present, a larger range of specimen sizes was 
expected than if only one occurred, and in particular, that crocodile remains 
would be larger on average than turtle remains. The overall mean length for 
crocodile specimens (for aH sites) is 9.12 cm (S.D.= 8.13, NISP= 1218), and 
the overall mean for the turtles is 5.20 cm (S.D.= 4.00, NISP= 747). A mul-
tiple factor analysis of variance on lengths by occupation site and taxon (C. 
niloticus versus Testundines) shows that both factors and their interaction 
have significant effects on length (Table 7.7), and pairwise comparisons 
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Multiple Factor Analysis of Variance 
Source S o f S df F-Ratio p 
Occupation Site 15222.81 5 97.47 0.000 
Taxon 681.05 1 21.8 0.000 
Occupation Site * Taxon 869.03 5 5J56 0.000 
Note: No significant differences result if C. niloticus teeth, scutes and claws are excluded 
from the sample. 
Table 7.7. Multiple factor analysis of variance of maximum specimen length 
by occupation site and taxon. 
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shows which sites have unequal mean specimen length values (using a Bon-
ferroni adjustment for multiple comparisons). A multiple boxplot of length by 
taxon for each site iflustrates these relationships quite clearly (Figure 7.7). 
The pairwise comparisons show, surprisingly, that Site 1 is the only assem-
blage having a significant within-site difference between the lengths of croco-
dHe and turtle specimens. In among-site comparisons for crocodHe speci-
mens, Sites 1 and 2 and ER20 separate out as significantly different from aH 
the other sites, whHe Site 3 sorts out as different from the Elmolo VHlage 
crocodHe assemblage. With respect to the turtle remains, ER20 alone differs 
from aH other sites. In sum, mean lengths of crocodile specimens were more 
variable than those of turtles across sites, and the one excavated sample, 
ER20, feU significantly below aH the surface sites for both crocodHe and turtle 
mean specimen length. 
Both Sites I and 2 were dominated by whole crocodHe elements (Httle 
to no breakage), the ER20 assemblage is singular in its overwhelming num-
ber of small fragments and few whole elements, and Sites 3, 4 and Elmolo 
Village are intermediate. Percentages of whole and non-whole elements at 
the sites are given in Table 7.8. The high fragmentation at ER20 resulted in 
low mean maximum specimen lengths for both Crocodylus and Pelusios and 
this breakage is responsible for the pairwise differences with the other sites 
and most definitely reflects a higher recovery rate of smaB-sized specimens 
due to excavation. Fragmentation was seen, of course, in the surface sur-
veyed assemblages, but is surely biased toward large specimens. The low 
fragmentation at Sites 1 and 2 versus the higher degree at Sites 3,4 and 
EMV are primarily responsible for the differences among them. In compari-
275 
& 
a I 
o 
o 
B 
H 
© 
CN 
I—1 
5 
CO 
CN 
0) 
03 
CO 
s 
CO 
• < * 
5 
CO 
© 
CO 
© 
m 
© 
0 
4 
h 
(cm
) 
5 
CN 
© 
T—1 
© 
' — 1 
o 
%(R 
J2 IQ 
T 3 « 
e
se
n
te
 
n
ge
,
 
is
 
2 u 
a o 1 « 
CS " ^ 
S.2 2 S 
« v. 
#« 03 
O TJ 
3 "3 
5-S 
m
e
di
an
 
(i.
e.,
 
ea
 
s*S 
—. 03 
8-i u 
55 
gt
hs
 
by
 
si 
n
ts
 
th
e
 
m
i 
im
en
 
le
n
 
i r
e
pr
es
e
 
03 CS 
1M § s 
"S.2 
"S5 
3 
a
n
d 
Cr
oc
t 
ox
 
a
ro
u
n
d 
11 
* J * * 
ts
o
 
lin
e 
B
ox
pl
o
 
v
e
rt
ic
al
 
t> u 
t> 3 
03 G 
ho 03 
E5 
g G 
as .c 
2 2 
^S II 
te
d 
by
 
jad
s 
fr
 
c «-• & a 
00 oo 3 " O
u
 'G &E 
k IO 
sa
m
pl
e
 
is
 
a 
fa
lli
ng
 
1 
%
 
o
f t
he
 
a
rk
 
ca
se
i 
S E 
gs 
ai
ni
 
he
b 
££ 03 O 
*" 0) 
n
). 
Th
e
 
th
er
 
sid
 
ed
ia
 
in
 
ei
 
E : Ji 
a
ro
u
n
d 
'h
e
 
w
hi
s 
T 3 ^ 
CS 
03 00 
n 
5 & 
g l 
ri
sk
s 
a
 
ile
 
o
v
e
 
1? II 
a
n
d 
t 
3 
an
d 
hi
ng
e,
 
T
ur
tl,
 
03 "5 
Is 
fr
om
 
gi
n)
m
 
a
n
d 
3 
m
id
ap
re
ad
s 
T 
a
n
d 
C
 
(to
p 
m
a
r 
«? 6 
f - i cm 
c.S 
gf g= 2 
1 
60 i 
es
 
fa
lli
n
 
re
a
ds
 
fr
 
ca
s 
id
sp
 
•s £ 
I? 
e 
c
irc
le
s 
g 
o
u
ts
id
 
f=.S . 
). 
1 
fa
ll 
ge
s 
lo
w
er
 
ca
se
s 
a
v
e
ra
 
276 
> & ; 
Ho 
O H * 
a o 
l O 
CM 
CN 
co 
CN 
CN 
00 
CO 
* - 4 
O i 
CN I © 
3% 
O i oo 
O i »~i 
% % 
t > O i 
" ^ CS) 
30Q 
3 ^ 
m 
CO 
© 
CO 
co 
O i 
- 1 
«~4 
* d 
00 
© 00 
CO CO 
ss 
5s 
S§ 
e 
v4 
8 
8 
5 
•«* CO 
fl 
O 
-w 
es 
& 
S 
u O 
* H * 
5 
«#4 
CO . 
0 
CO f H 
5 
•»« 
" u 
« * 
5 
«M . 
CO cj 
- H * 
S 
•m CO . 
o 
0) o I! 
5 & 
c o - u=oi 5 ^ 5 ^ 3 S g g 
COiC ^ N COIQ S 3 g § g 
© O i 
Tj< co 
-^ io 
»o 
w 
in 
CN 
CO N TH oq T-I 05 
O i O i 
CO ^ 
2 ^ - g u: 
o in 
v 
Al 
m 
in 
% 
Al 
O 
m 
© 
V 
X 
Al 
m 
*Q 
CO 
i n 
CO 
CO 
% 
CO 
oo 
-2 
"3 
to 
© 
CO 
oo 
05 
co 
eo 
0. 
CO 
00 
03 
C 
3 
II 
t 
277 
sons of the turtle components, only ER20 is significantly different from any 
other site. This, however, is not easHy explained by degree of breakage, since 
other sites, Sites 2 and 3 in particular, have even higher percentages of NISP 
in the "<25 % of whole" category. Bather, the difference must again be attrib-
uted to greater recovery of smaHer specimens, manifested by the similar 
range of specimen lengths as compared to the surface sites, but with the 
significantly lower mean length. 
In aH but the Site 1 assemblage, the minimum length for crocodHe 
specimens is equal to or smaHer than that for the turtle remains. Scutes and 
teeth are both relatively smaH (generaHy < 3 cm) and numerous in the croco-
dHe, and since a crocodHe has far more skeletal elements than a turtle, it is 
possible that the presence of these smaller elements in an assemblage biases 
the distributions of specimen lengths. Excluding teeth and scutes increases 
the minimum specimen length drastically in some cases (e.g., from 4.50 cm to 
12.0 cm at Site 1), but does not significantly alter the mean specimen length, 
nor the standard deviation for any of the surface sites (Table 7.6). This 
analysis demonstrates that only at Site 1 is there any appreciable difference 
in specimen lengths between C. niloticus and Testundines and this is prob-
ably related to sampHng error, since the site NISP and MNI for each taxon 
was very low. The among-site differences appear to relate to the general 
condition of the entire assemblage (state of breakage) and not necessarily to 
whether the assemblage represents a surface or excavated assemblage, or 
even to the large body size difference between C. niloticus and the turtles. It 
is certain that in the surface assemblages the paucity of very small specimens 
(such as predominate at ER20) is a direct function of burial processes, but not 
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necessarily of differential processing of taxa or inherent body size differences 
among taxa. The similar minimum length (ca. 2 cm) may reflect a minimum 
size necessary for burial by trampling (< 2 cm) in sandy and sandy/sHt sub-
strates. This assessment of potential size bias in the surface sites (Sites 1-4 
and Elmolo VHlage) indicates that whHe there is a significant difference in 
the overall mean specimen lengths of the surface samples versus the exca-
vated ER20 sample, this variation for the most part is not causing an under-
representation of turtles in the surface assemblages. Within-site compari-
sons show that crocodHe and turtle remains are statisticaBy equal in terms of 
mean length in the ER20 sample and in four out of five surface surveyed 
sites. This is not to say, however, that size bias is not present in the surface 
site assemblages, only that it appears to be affecting both the crocodile and 
turtle components in a statisticaBy simHar manner. The ma-rimum and even 
minimum specimen lengths for aB sites are fairly simHar for each taxon, but 
the radical differences in the mean/median values for the surface sites versus 
those for the ER20 sample indicate that small-sized specimens have not been 
sampled on the surface. 
An interesting avenue for future investigation is the long-term effects 
that a size-dependent burial factor would have on the archaeological record— 
that is, if larger elements remain on the surface and weather into obHvion 
while smaller elements are easily buried, and therefore have a greater chance 
of preservation. Such a biased process would tend to increase the apparent 
numbers of smaH sized taxa, smaH elements of larger taxa, and of course, the 
fragmented remains of larger taxa. As concerns this latter class of materials, 
the archaeological record might then appear to contain a significantly greater 
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amount of evidence for marrow processing (i.e., resource procurement depen-
dent on the smashing of bones) than other less destructive procurement 
activities (e.g., butchering) simply as a by-product of size-dependent sorting. 
At ER20, nearly half the reptile specimens (46.9%) are represented by 
less than or equal to 25% of a whole element. C. niloticus contributed sHghtly 
more to the total number of these specimens (N=266) than did Pelusios 
(N=227). C. niloticus is represented by far fewer individuals (MNI=4 versus 
40 for Pelusios), but it nevertheless closely approaches Pelusios in numbers of 
identified specimens (NISP=500 versus 552). These numbers are instructive, 
highHghting the problems of comparing bone counts for taxa that differ in 
body size and anatomy to the extent seen between crocodHes and turtles. 
Crocodiles have approximately 504 bones, while Pelusios has 188. Moreover, 
the crocodiles at ER20 were at least 3 to 6 times the size (length in cm) of the 
Pelusios. Gifford and Behrensmeyer (1977) report the crocodHes to have been 
1 to 2m long, and Pelusios procured by the men of ER20 were not large 
turtles, the largest measurable carapace was 18 cm long. 
Fracturing of specimens was recorded as to morphology: spiral, jagged 
(irregular), snap, transverse, longitudinal, diagonal, or step. No fracturing 
was found in the assemblages of Sites 1 and 3, and only a smaH amount was 
seen in that of Site 2. The assemblages of Site 4, ER20 and Elmolo VHlage, 
were highly fractured with greater than 30% NISP fractured for each taxon 
(Table 7.9a & b). The overall average % NISP fractured for turtles was 26.7% 
and for crocodiles the average was slightly less at 25.9%. 
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Total % 
Site cranial axial append. Fractured 
1 
2 
3 
4 
ER20 
EMV 
Overal l 
N/A 
N/A 
0.00 
71.43 
94.78 
87.50 
63.43 
N/A 
7.38 
0.00 
53.19 
60.87 
26.62 
29.61 
0.00 
1.28 
0.00 
45.00 
25.00 
35.71 
17.83 
0.00 
5.74 
0.00 
52.70 
71.10 
30.86 
26.73 
Table 7.9a. Occupation site percent NISP of crocodHe specimens fractured. 
"Total % Fractured" is based on overall NISP for the taxon, with teeth and 
scutes excluded. N/A (not applicable) indicates the skeletal category was not 
represented at the site. 
Total % 
Site cranial axial append, shell Fractured 
1 
2 
3 
4 
ER20 
EMV 
Overall 
N/A 
N/A 
N/A 
60.00 
25.00 
75.00 
53.33 
N/A 
0.00 
N/A 
50.00 
3.03 
55.56 
27.15 
0.00 
0.00 
0.00 
31.03 
19.30 
39.39 
14.95 
0.00 
0.00 
0.00 
22.22 
61.71 
93.75 
29.61 
0.00 
0.00 
0.00 
36.21 
53.54 
65.38 
25.86 
Table 7.9b. Occupation site percent NISP of turtle specimens fractured. 
"Total % Fractured" is based on overall NISP for the taxon. N/A (not appli-
cable) indicates the skeletal category was not represented at the site. 
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Burned1 materials were found at four sites (Table 7.10), with the exca-
vated sample, ER20 having the highest amount. At Site 2,9.8% of the 
burned material included crocodHe cranial parts and scutes, while the rest 
consisted of meaty crocodHe elements such as the limbs, pelvis, ribs, and 
vertebrae. AH of this burned material was "browned" in appearance. The 
Site 3 burned material consisted of crocodHe cranial parts and a Pelusios 
carapace (unfortunately, this material was not coded as to burning category, 
although aB three categories were observed). A grass fire at Site 4 (seen from 
a distance one month prior to the site's discovery) had burned off most of the 
Sporobolus cover over about a one hectare area. One-third of the bone at the 
site surfaces that indicated burning, either browned (14.8%), black (16.5%), 
or calcined (1.7%). I am not sure how much of the burning should be attrib-
uted to the grass fire, but I doubt that grass fires would burn hot enough to 
burn bone to a blackened or calcined condition. Site 4 is the oldest of aH the 
sites examined (i.e., longest time since abandonment), and no hearth was 
found at the site. 
Burning was present on half (51.4%) of the ER20 material, split rather 
evenly between C. niloticus (26.2%) and Pelusios (25.2%) remains. As at Site 
4, various degrees of burning were observed: browned (31.7%), black (7.0%), 
and calcined (12.7). Although neither Gifford (1977) nor Gifford and Beh-
rensmeyer (1977) explicitly state that the gal dies roasted their crocodHe and 
1
 The following categories have been used for the descriptions of burning: "browned" means 
the specimen showed primarily brown surfaces as a result of exposure to fire (frequently 
occurring with blackened edges); "black" means that the specimen showed primarily black 
surfaces; "calcined" indicates that any portion of the specimen had burned to a gray or white 
color with loss of density and organic matrix. 
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turtle catches, it appears from the bone sample that they did. My own infor-
mant at Beret told me that turtles in hard sheUs (Pelusios) are roasted in the 
sheU, and crocodHes are roasted if no pot is available to boH the meat. In this 
case, the carcass is skinned and cut into segments and the parts are leaned 
against the stones around the fire to roast. Burned turtle sheU is expected as 
a result of the cooking process, burned non-meaty crocodHe parts, however, 
are not. A large percentage (40%) of the burned C. niloticus material from 
ER20 represents non-meaty elements, consisting of cranial parts, such as the 
maxilla, dentary, articulars, and teeth, as weB as claws and scutes. It is 
possible, then, that some of the butchery refuse was burned in order to ren-
der it less attractive to scavengers. The majority of burned material (69.3%) 
feU into the "<25% of whole" portion category, which indicates that burning 
contributed to its disintegration, particularly by loosening the sutural con-
nections of the crocodHe crania and turtle sheU, and by making the bones 
lighter and less resistant to pressure. 
Toothmarking was found in aH but one of the human occupation site 
assemblages (Tables 7.11a & b). The size of tooth punctures was consistent 
with those from a dog-sized animal rather than a large-tooth scavenger such 
as a hyaena. The average frequency of toothmarking is lower than was found 
in the carcasses, the Koobi Fora Hyaena Den assemblage, or the attritional 
surface assemblages. In some instances, dogs were known to be present at 
the sites (Site 2 and Elmolo Village), but whether or not dogs had been 
present during the formation of the abandoned camps is not known. Gifford 
(1977) does not mention any dogs associated with the men who created ER20. 
It is probable that the sites were visited by dogs, jackals, or other scavengers 
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Site 
1 
2 
3 
4 
ER20 
EMV 
Overall 
cranial 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
axial 
0.00 
2.24 
0.00 
5.88 
3.31 
35.38 
7.80 
append. 
0.00 
1.37 
0.00 
30.00 
3.57 
35.71 
11.78 
Total % 
Gnawed 
0.00 
1.94 
0.00 
13.33 
1.94 
34.57 
8.63 
Table 7.11a. Occupation site percent NISP of crocodHe specimens gnawed. 
"Total % Gnawed" is based on overaH NISP for the taxon. 
Total % 
Site 
1 
2 
3 
4 
ER20 
EMV 
Overall 
cranial 
N/A 
N/A 
N/A 
0.00 
0.00 
0.00 
0.00 
axial 
N/A 
0.00 
N/A 
15.38 
0.00 
44.44 
14.96 
append. 
50.00 
0.00 
0.00 
48.28 
0.00 
60.61 
26.48 
shell 
0.00 
0.00 
0.00 
0.00 
0.22 
0.00 
0.04 
Gnawed 
28.57 
0.00 
0.00 
31.37 
0.00 
52.17 
18.69 
Table 7.11b. Occupation site percent NISP of turtle specimens gnawed. 
"Total % Gnawed" is based on overaH NISP for the taxon. N/A (not appli-
cable) indicates that skeletal part category not present in the assemblage. 
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after abandonment. 
The Elmolo VHlage assemblage had the greatest percentage of 
toothmarked specimens at 33.3% . Site 4 foUows this with a value of 20.9% 
toothmarked. The remaining sites have far fewer toothmarked specimens, 
and Site 3 had none at aH. "While analysis of variance shows there are great 
differences in the percent toothmarked between the sites (F-ratio=109.89, 
df=5,p = 0.00), a t-test of proportion of toothmarked versus non-toothmarked 
specimens by taxon (C. niloticus versus turtle) shows that there is no signifi-
cant difference between the taxa (separate variance t = 0.5884, df = 1963, p = 
0.5563). Combining the toothmarked specimens from aH the occupation site 
assemblages, the most frequent type of toothmarking damage found was 
general tooth pitting and puncturing (78.3%), sometimes occurring with 
scoring. Furrowing or furrowing with scoring was seen less frequently 
(21.7%) in the assemblages. 
Toothmarking was found only on axial and appendicular elements in 
C. niloticus, and on shell, axial and appendicular elements in the turtles. No 
significant difference was found in the proportion of toothmarked axial ver-
sus appendicular elements in C. niloticus (pooled variance t = 1.8559, df= 
1361, p = 0.07), but such a differences was found for the turtles (separate 
variance t = 3.6330, df = 126.4, p = 0.0004). This is owing to the fact that 
much of the turtle axial skeleton (i.e., thoracic vertebrae and "ribs") are part 
of the carapace, and the associated musculature is therefore extremely re-
duced and carries less edible tissues. 
Finally, for each C. niloticus and the turtles, the mean lengths of tooth-
286 
marked versus non-toothmarked specimens were significantly different, with 
the toothmarked specimens on average two times larger than ungnawed 
specimens (Table 7.12). I attribute this pattern again to the greater chance of 
scavengers/predators eating and digesting smaller elements and fragments, 
while spitting out, regurgitating, or simply leaving behind larger fragments. 
The smaller the fragment, the less likely it wiH retain evidence of gnawing 
activities, with the exception of poHsh or pitting caused by gastric acids, 
neither of which were found in any of the occupation site assemblages. More 
desirable parts, presumably larger, meaty ones, would be "schlepped" from 
the site entirely. 
Cutmarking was found in all occupation site assemblages, ranging 
from 7.6% to 60.9% of the total NISP (Table 7.13a & b). The distribution of 
cutmarks across different body segments (cranial, axial, and appendicular) 
was analyzed for C. niloticus and the turtles. With regard to the turtles, no 
significant differences were found in the frequencies of cutmarks on axial 
versus appendicular elements. For C. niloticus, however, there were signifi-
cantly more cutmarked axial elements than appendicular elements (pooled 
variance t = -5.30, df = 774, p = 0.00). This pattern is attributable to the 
manner in which a crocodile carcass is split into segments, with the ribs 
being separated from the vertebrae, and the vertebral column cut into small 
segments. Not only are axial elements far more numerous than appendicular 
elements, on any sized crocodHe carcass the axial skeleton contains signifi-
cantly more meat than the appendicular skeleton (see Figure 6.3). The ex-
tent to which a crocodHe is cut up when butchered is also related to the size 
of the carcass and whether the meat is roasted or boHed. If a pot is avaHable 
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Taxon mean SJ) . NISP t* df 
C. niloticus 
toothmarked 
not toothmarked 
cutmarked 
not cutmarked 
Testudines 
toothmarked 
not toothmarked 
cutmarked 
not cutmarked 
7.95 
5.84 
7.13 
5.53 
8.98 
4.52 
9.37 
4.44 
5.69 
5.43 
5.96 
5.20 
2.42 
3.67 
3.40 
3.55 
77 
1123 
342 
876 
43 
703 
52 
694 
3.29 1198 <0.00 
4.59 1198 <0.00 
-11.28 54.5 <0.00 
-10.05 59.6 <0.00 
* t-statistic values for C. niloticus use pooled variance, and the values for the turtles use 
separate variance 
Table 7.12. t-tests for differences in lengths of damaged/undamaged speci-
mens. Comparisons included cutmarked/uncutmarked and toothmarked/ 
untoothmarked specimens. 
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Total % 
Site cranial axial append. Cutmarked 
1 
2 
3 
4 
ER20 
EMV 
Mean 
100 
17.65 
0.00 
0.00 
1.54 
0.00 
19.87 
100 
36.94 
55.56 
85.29 
41.06 
62.30 
63.53 
0.00 
6.85 
20.00 
45.00 
39.29 
28.57 
23.29 
75.00 
29.90 
20.80 
71.40 
23.70 
54.90 
45.95 
Table 7.13a. Occupation site percent NISP of crocodHe specimens cut-
marked. 'Total % Cutmarked" is based on overaH NISP for the taxon, with 
teeth and scutes excluded. 
Total % 
Site 
1 
2 
3 
4 
ER20 
EMV 
Mean 
cran ia l 
N/A 
N/A 
N/A 
0.00 
0.00 
0.00 
0.00 
axial 
N/A 
0.00 
N/A 
61.54 
0.00 
66.67 
32.05 
append . 
0.00 
0.00 
0.00 
65.52 
1.75 
36.30 
17.26 
shel l 
0.00 
0.00 
0.00 
33.33 
0.22 
9.37 
7.15 
Cu tmarked 
0.00 
0.00 
0.00 
52.60 
0.40 
26.90 
18.69 
Table 7.13b. Occupation site percent NISP of turtle specimens cutmarked. 
"Total % Gnawed" is based on overaH NISP for the taxon. N/A (not appli-
cable) indicates the skeletal part category was not represented at the site. 
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for cooking, the carcass wiH be cut up into pot-sized pieces, otherwise the 
meat wiH be roasted in larger segments. The disparity in the frequency of 
cutmarks between the assemblages may reflect differences in cooking. At 
Elmolo VHlage, for instance, I was told that crocodHes are cut into smaH 
segments and boHed. Burning was absent on the crocodile remains from 
Elmolo VHlage supporting the statements of my informants that the meat is 
boHed, not roasted. Hard-sheU turtles, such as Pelusios are not actuaBy 
butchered, but rather are cooked whole, on the fire, and then puBed apart 
much as one would a roasted chicken. No cutmarking then would be ex-
pected on Pelusios remains, although evidence of burning would be—as seen 
in the ER20 Pelusios sample. 
Skeletal Part Profiles 
Separate summary skeletal part profiles for C. niloticus and the turtles 
were constructed for the surface surveyed short-term occupation sites (Sites 
1-4). The Elmolo VHlage and ER20 assemblages, representing a long-term 
occupation and an excavated short-term occupation site, respectively, provide 
contrast. Information on animal procurement from the Dassanetch gal dies 
occupants of Site 2, other gal dies, and from Gifford's (1977) report on the 
inhabitant's activities at ER20 indicate that the usual gal dies pattern is to 
camp near the location of hunting/fishing activities and to butcher the car-
casses in camp rather than bringing only parts or meat to camp. Large ined-
ible or useless portions of a carcass (e.g., the dorsal skin of a crocodile, the 
cranium) are usuaBy tossed away from the main activity area after butcher-
ing; meaty portions are discarded near the hearth after they have been 
cooked and the meat consumed. At Site 2, for instance, which was located 
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directly next to the lake, crocodHe crania were found in the shaBows nearby. 
Figure 7.8a shows the crocodHe skeletal part profile for the surface 
survey short-term occupation sites contrasted with the excavated assemblage 
from ER20. The profile for Sites 1-4 shows the cranium represented by 60% 
MNI. FoBowing the cranium in order of best to least weH-represented are the 
dorsal axial segment, the scapula-coracoid, the jaw, the hindleg, the foreleg, 
the thoracic ribs and pelvis, the cervical axial segment, the caudal axial 
segment, and finally the manus/pes and scutes are last. The ER20 assem-
blage Crocodylus has far better representation of most parts, with the cra-
nium, pelvis, and scapula-coracoid aB tied for first place at 67% MNI. Fol-
lowing these, from best to least well-represented, are the foreleg, the dorsal 
axial segment, the thoracic ribs, the jaw, and then foBowing further behind in 
numbers are the cervical axial segment and scutes, the hindleg, the caudal 
axial segment, and lastly the manus/pes. AB parts are represented in both of 
these assemblages. 
The Elmolo Village C. niloticus skeletal part profile (Figure 7.8b) is 
quite different from the two short-term occupation profiles. Overall, most 
skeletal parts were very poorly represented, with the dorsal axial segment 
ranking first at 57% MNI, followed by the hindleg at 33% MNI, then the 
pelvis, the scapula-coracoid, the cranium, the foreleg, the scutes, the cervical 
axial segment, the caudal axial segment, and finally, the thoracic ribs. Com-
pletely absent from this assemblage are the jaw and the manus/pes. 
A comparison of the rankings of these skeletal parts for the surface 
versus excavated samples can be accomplished using the Kendall rank-order 
291 
100 
80-
60-
40-
20 -
(b) 
Elmolo Village North 
"3 
a 
^ ^ 
I 
o 
O 
o 
a 
s 
o 
" o 
es 
u 
o 
-C 
EH 
I 
3 C 
C3 
O 
3 
W 
Figure 7.8a & b. a) Crocodylus skeletal part profile for Sites -14 and ER20. 
b) Crocodylus skeletal part profile for Elmolo VHlage North. 
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correlation coefficient, also known as KendaB's x (tau) (KendaH and Gibbons 
1990). Briefly, KendaB's tau is a nonparametric measure of association, the 
nuB hypothesis being that two sets of rankings are independent of one an-
other. Tau ranges between -1 and 1, similar to other correlation statistics 
such as the parametric statistic Pearson product-moment correlation coeffi-
cient r. The number of inversions for paired individuals in the two rankings 
are counted. Hence, in the rankings [a b c d e fj and [a c b d e fj, there is one 
inversion, where in the first ranking, b and c take second and third place 
respectively, whHe in the second ranking the places of b and c are reversed. 
Two rankings that are exactly opposite, such as [ab c d e fj and [ f edcba ] , 
are in complete disagreement (x = -1). Greater weight is given to inversions 
of distant ranks, such as an inversion of the rankings of the first and last 
objects (e.g., [fb c d e a]), as opposed to an inversion of adjacent ranks (e.g., [b 
a c d e fj). Kthe number of inversions to noninversions in the paired rank-
ings are equal, then Kendall's tau shows the tendency toward agreement to 
be zero. The significance of any value of KendaB's tau can be tested using a 
z-score, since for any ranking consisting of greater than ten objects (N>10), 
the distribution of tau approaches that of a normal distribution. 
In the analysis given here, each site or summary profile represents one 
ranking of twelve objects, or body parts (the ranking is based on %MNI). 
Differences in the rankings are interpreted as indicating differential preser-
vation/destruction of parts based on food value, size sorting, or density differ-
ences. Determination among these possible sources of variation can be as-
sessed using other information regarding the sampling procedure used, 
weathering profiles, and other parameters indicating exposure to attritional 
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processes. The nuH hypothesis, simply stated, is that the profiles of the 
different sites, or contexts, represent independent (random) rankings of the 
body parts. Significant values of tau indicate that two rankings are not 
independent, suggesting that simHar processes were involved in the accumu-
lation. 
The comparison (Table 7.14) between the ER20 C. niloticus skeletal 
part profile and that constructed for the surface sites (Sites 1-4) combined 
shows no significant difference in the rankings (x = 0.5398, p = 0.02). Com-
parison of the Elmolo VHlage profile with both the ER20 and the Sites 1-4 
profiles do show differences, with x = 0.3969, p = 0.08 and x = 0.4063, p = 
0.07, respectively, indicating that the Elmolo VHlage ranking is independent 
of the other two. I attribute the differences in the rankings to the differences 
in site use and procurement strategies practiced at long-term versus short-
term occupations. At Elmolo VHlage, crocodHes are dressed outside of the 
vHlage with the cranium and skin left behind. I was informed that the car-
cass is broken up considerably prior to boiling in order to mask its identifica-
tion as crocodHe. The crocodHe assemblage was marked by high numbers of 
whole bones (64.2%), but the paucity of meaty portions, such as the thoracic 
ribs and the caudal axial segment may be explained by extensive breakage 
that caused them to be overlooked during survey, or to become buried when 
exposed to foot traffic. 
The crocodile skeletal part profiles for ER20 and the surface sites are 
statistically similar. The differences between them I attribute to the fact that 
ER20 was excavated, and hence, potentiaHy yielding a more complete recov-
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ery of the assemblage. At these short-term camps, whole carcasses are 
brought in and dressed and butchered on site. This explains the high repre-
sentation of crania and jaws. I attribute the lack of scutes to the practice of 
throwing large, offensive parts away from the Hving area, rather than loss 
through burial or having been overlooked during survey. The skin from a 
crocodHe, usuaBy taken off in one piece, contains the dorsal dermal scutes 
and after it has dried, becomes hard and shield-like. 
The crocodHe skeletal part profile for the surface sites (Sites 1-4) also 
proves to be statisticaBy simHar to the carcasses (t = 0.4496, p = 0.05), but 
more significantly simHar to that for the attritional assemblages combined (t 
= 0.6668, p = 0.002). In contrast, the ER20 crocodHe profile is not statisti-
caBy independent from that for the attritional assemblages (t = 0.4677, p = 
0.04), but it is distinct from the carcass profile (t = 0.2993, p = 0.17). The 
attritional assemblage profile and the carcass profiles are independent of 
each other, as is KFHDl from any other ranking. Sites 1-4, ER20 and the 
attritional assemblages are high in crania and the scapula-coracoid. It may 
be that these elemeents are not attractive to carnivores, scavenging or other-
wise, accounting for their persistence in the assemblages. Distinguishing 
between contexts on the basis of skeletal part profiles therefore appears 
difficult, if possible at aH. This finding indicates that other fine of evidence 
must be used in the comparisons, such as degree of breakage and the extent 
of carnivore gnawing. 
The surface sites (Sites 1-4) profile is statistically independent from 
only the KFHDl and Elmolo Village, and overaH most similar to the attri-
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tional assemblages. I wHl not venture to say that the results are attributable 
to the nature of the sites as surface finds primarily because the carcasses and 
the Elmolo VHlage assemblage were also recorded on the surface, rather than 
from excavation. The statistical dependence is most easHy explained by each 
deriving from whole carcasses, rather than "schlepped" parts, or incomplete 
carcasses. Whole carcasses are not normally brought into Elmolo VHlage and 
I posit that whole carcasses were not brought into Koobi Fora Hyaena Den 1. 
In these two contexts, the skeletal assemblages' whole carcasses were not the 
initial state of the assemblage, rather certain body parts were brought in 
whHe others were excluded from the outset. 
The assemblages lack high %MNI for caudal axial, KFHDl having the 
highest at 23%. This pervasive lack of caudal vertebrae and chevrons is very 
mysterious. The caudal segment of an aHigator contributes considerably to 
total meat weight (Fig. 6.3). The caudal vertebrae and chevrons, although 
small, are distinctive elements even when fragmented. It may be that these 
bones are stHI attractive to scavengers after the meat has been consumed, 
and because of their generally small size, they may be completely destroyed 
by scavengers. The ER20 assemblage is likewise lacking the caudal axial 
segment (%MNI = 4%). Given this, sampHng error, or non-recovery of small-
sized items in surface survey, does not explain the overaB pattern. The 
higher %MNI value for the caudal axial segment at KFHDl is best explained 
as resulting from preferential transportation of caudal segments back to the 
den, scavenged from carcasses or other contexts. 
The turtle skeletal part profiles for Sites 1-4 and for ER20 are com-
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pared in Figure 7.9a. For the surface assemblages (Sites 1-4) the cranium 
was the best represented in terms of %MNI. FoBowing were the scapula-
coracoid, the pelvis, the hindleg, the foreleg, the carapace, and finally, the 
plastron. Cervical vertebrae were not present at aB. In the ER20 assem-
blage, the scapula-coracoid was best represented, foBowed by the carapace, 
the plastron, the pelvis, the cranium, the foreleg, and the hindleg last. AB 
major appendicular elements were represented in these assemblages, indicat-
ing that these relatively small elements were not entirely lost from the sur-
face through burial. That they are less weH-represented in the excavated 
sample is very curious. The Elmolo VHlage turtle skeletal part profile (Figure 
7.9b) is lacking in crania and cervical vertebrae. The best represented body 
part is the hindleg. Next comes the foreleg, the scapula-coracoid and pelvis, 
the carapace, and finaHy the plastron. As in their treatment of the crocodile, 
the Elmolo "Villagers report that they usuaBy dress Trionyx carcasses away 
from the vHlage, bringing back only the meaty portions. This behavior ac-
counts for the lacking crania and poor representation of sheU parts. 
Again KendaB's tau was used to compare the rankings of turtle skel-
etal parts in the %MNI skeletal part profiles. The turtle analyses differ from 
the crocodHe analyses in that there are only 8 categories, or skeletal parts, in 
the turtle profiles. As previously mentioned, only at N>10 does the distribu-
tion of probabHities of KendaB's tau approximate a normal distribution. 
Therefore, for the turtle analyses, exact probabilities for any value of 
KendaB's tau cannot be determined. Siegel (1988:Appendix Ri, p. 362), how-
ever, gives one-taHed significance values for KendaB's tau for rank-order 
correlations when N < 10. 
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Figure 7.9a & b. a) Turtle skeletal part profiles for Sites 1-4 and ER20. b) 
Turtle skeletal part profile Elmolo Village North. 
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Comparison of the ER20 profile and that for the surface sites (Sites 1-
4) shows the profiles to be statisticaBy independent (x = 0.2546, 0.199 >p < 
0.274) (Table 7.15). Each in turn is independent aB the other assemblages. 
The only statisticaBy dependent assemblages in this matrix of pairwise com-
parisons are the attritional assemblage profile and the Elmolo VHlage profile. 
Keep in mind that tau examines rankings, and not presence/absence. The 
lack of crania and cervical vertebrae in the two assemblages then creates a 
tie within and between each assemblage. The differences in ranks between 
the remaining parts are statisticaBy great. 
The correlation between the Elmolo VHlage turtle profile and that for 
the attritional assemblages derives primarily from the lack of crania and 
cervical vertebrae in each assemblage, as weU as the poor representation of 
sheH parts in each. For the attritional assemblages, I have hypothesized that 
this is an indication of hydrodynamic processes, in particular the washing up 
of disarticulated or partly disarticulated carcasses onto the shoreline. It is 
probable then that two different processes, butchering activities and water 
action, account for the similarities in the profiles of the two turtle assem-
blages—each deriving from clearly different contexts. This brings into play 
the problem of equifinality--the inabHity to distinguish the outcomes of very 
different processes. Looking to other forms of evidence to distinguish the 
two, however, we find that 40.6% of the turtle specimens in the attritional 
assemblage were marked by gnawing, compared to only 10% of the Elmolo 
VHlage turtle specimens. Cutmarks were found on 8.8% of the Elmolo VHlage 
turtle specimens, whHe no cutmarking was found on any of the attritional 
assemblages turtle specimens. Using all forms of evidence at hand thus 
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Sites 1-4 ER20 EMV Attritional Carcasses 
Sites 1-4 1.0 . . . . 
ER20 0.2546 1.0 
Elmolo V. 0.2224 -0.0377 1.0 
Attritional 0.1543 0.1571 0.5204 1.0 
Carcasses - 0.4001 0.2963 -0.4907 -0.1179 1.0 
Table 7.15. Kendall's tau correlation matrix for turtle skeletal part rankings 
(profiles). The critical value for tau (N=8) is x = ± 0.500, p = 0.054 (two-
taHed). 
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separates the two assemblages. The human-related assemblage is far less 
gnawed, suggesting that carnivores play a lesser role in the formation of that 
assemblage, and the cutmarks clearly impHcate human activities. 
CONCLUSION 
These comparisons of actuaHsticaUy derived bone assemblage data 
demonstrate how the problem ofequifinahty can be mitigated by the appHca-
tion of multiple Hues of evidence. AH cases may not be resolved quite as 
easily, but thorough comparison is needed to successfuBy test its reality. The 
study of these human occupation site assemblages shows just how complex a 
task it is to describe the products of one aspect of hum an behavior. Many 
avenues of comparison can be apphed in the attempt to distinguish human-
related, carnivore-related, and attritional assemblages. I have employed the 
foBowing in this actualistic study, 1) spatial patterning, 2) breakage pattern-
ing, 3) the extent of gnawing damage, 4) the presence/absence of cutmarking, 
6) weathering profiles, and 7) skeletal part profiles. In general, bone densi-
ties are higher at human occupation sites than in attritional contexts. Not all 
lines clearly differentiate these assemblage types and equifinality results 
most commonly from comparisons of spatial patterning, weathering profiles, 
and skeletal part profiles. Therefore, evidence for carnivore utiHzation and 
breakage is of greatest importance in distinguishing the various assemblages. 
Admittedly, excavated assemblaged would have provided the best database 
for the analysis of aquatic reptiles from the occupation sites, since compari-
sons of specimen lengths indicates significant differerences between the 
surface and excavated samples. Future research wiH be oriented toward 
establishing the reHabHity of surface assemblage data (including that from 
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attritional contexts) toward an understanding of the excavated Pleistocene 
assemblages. 
Behrensmeyer's (1983) analysis of attritional assemblages in the Am-
boseli ecosystem indicated that there, the "land surface assemblage [is] one in 
which small clusters of bones are typicaHy attributable to one individual, 
with few multi-individual occurrences in one place." At Lake Turkana, how-
ever, attritional assemblages frequently contain the remains of more than 
one individual, and may be randomly dispersed, or statisticaBy nonrandom 
and clumped. Human sites also can take either of these forms, and may or 
may not be characterized by high numbers of prey individuals. Bone assem-
blages of short-term occupation sites situated in contexts of normaBy high 
attritional bone densities, such as near water, may be less readily recognized 
as deriving from human activities. A more complete examination of assem-
blage composition and an evaluation of breakage and damage, however, show 
that in taphonomic analyses, the sum of the evidence weighs far more than 
any of its parts. 
A combination of multiple lines of evidence is therefore necessary to 
distinguish patterning specific to any particular context. Areal bone densi-
ties and spatial patterning cannot necessarily distinguish carnivore-related 
contexts such as a hyaena den and a human campsite (Brain 1980,1981; 
Binford 1981; HH11984), hence there is a great need to examining contextual-
specific patterning relating to skeletal part profiles, and damage due to carni-
vore gnawing and butchering. This study shows that skeletal part profiles 
from human contexts where the entire animal carcass is brought into camp, 
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butchered and discarded in the immediate area, are similar overaH to kill/ 
death site contexts where carcass disarticulation and scattering are minimal. 
When scattering of carcasses in high, such as in attritional contexts, skeletal 
part profiles may also appear similar to those of occupation sites, but these 
remains wiH derive from a much larger area than generaHy determined for 
occupation sites. Carnivore gnawing of remains is highest in the kill/death 
site, attritional, and hyaena den contexts, and lower in human occupation 
sites. Degree of fragmentation in the surface occupation site assemblages 
was variable, ranging from 0% NISP fractured, to a high of 52% NISP for the 
crocodHes from Site 4. Fracturing was overaH higher in the excavated ER20 
assemblage with 71.1% of the crocodile and 53.54% of the turtle specimens 
showing some form of breakage. Averaging across aH the human occupation 
sites for both taxa, fracturing was greater than in the attritional, kill/death 
sites, or hyaena den asemblages. These multiple forms of patterning indicate 
that human utiHzation of aquatic reptiles produces assemblages that are 
similar to entire carcasses in skeletal part representation, moderately frag-
ments, and relatively undamaged by carnivores. Carnivores-related assem-
blages are identified by relatively dense scatteres, complete skeletal part 
profiles, low fragmentation, and a very high degree of gnawing damage. 
Attritional assemblages are generally less dense, but also have relatively 
complete skeletal part profiles. Factors differentiating attritional accumula-
tions from human campsites, however, are a low degree of fragmentation, and 
a higher degree of carnivore damage than found in occupation assemblages. 
The taphonomic patterning of the aquatic reptiles at Lake Turkana is indeed 
a complicated matter to sort out, with no one line of evidence clearly marking 
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boundaries between the aH contexts being studies. This research is the first 
attempt toward a systematic evaluation of the aquatic reptiles at early ar-
chaeological sites, and as such the results here are offered as initial step 
toward understanding these previously neglected taxa. 
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CHAPTER EIGHT 
THE OLDUVAI ASSEMBLAGES 
We have first raised a dust and then complain we cannot see. 
—Bishop Berkeley, Principles of Human Knowledge 
INVESTIGATING THE PAST 
By far the most interesting, yet the most problematic aspect of actual-
istic research is in its interpretive appHcations. The very raison d'etre of 
taphonomic undertakings is to enable an understanding of the formation 
processes responsible for archaeological and palaeontological assemblages, 
but as with many other types of explanatory sciences, interpretation can sHp 
from objective statements of probabHity to meandering caveats and commen-
taries on the actuafistic rather than the excavated database. In the recent 
volume Bones to Behavior: Ethnoarchaeological and Experimental Contribu-
tions to the Interpretation of Faunal Remains (Hudson 1993), nineteen pa-
pers are presented on the general topic of zooarchaeological analysis, ranging 
from nonhuman predator behavior and human hunting patterns, to bone 
modification and post-depositional factors affecting bone preservation. Rich-
ard Klein's (1994) review of this book points out that nearly all the papers 
avoided the final interpretive stage of analysis, that is applying the actuaHs-
tic findings back to archaeological data. He states (1994:566): 
...they often conclude that such an attempt would be unwar-
ranted, either because their findings reflect circumstances that 
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have no clear ancient paraUel, because other observed processes 
are known to produce basicaBy the same pattern they found, or 
because the "pattern" itself may be highly variable, depending 
on local conditions. From a strictly archaeological perspective, 
the result is very disappointing... 
Klein's sentiments are vaHd as relating to this body of work, but it should be 
recognized that many of the researchers who contributed to the Bones to 
Behavior volume have presented their interpretations of the archaeological 
record elsewhere. The reproval should be heeded, however, since actuahstic 
research does have the potential to become a showcase in itself, particularly 
when researchers are unwilling to lay down hypotheses for testing—aH that 
is left for discussion are the modern contexts. Taphonomic-oriented research 
into early hominid behavior seems stuck explaining the single process, 
whether it be bone fracturing, density-mediated preservation, or hyaena 
feeding opportunities, rather than aiming for a program of hypothesis-testing 
on both previously excavated assemblages and as yet unexcavated sites (for 
an exception see Biumenschine and Masao 1991). Interpretations of faunal 
remains should be aimed at more holistic descriptions and interpretations of 
the materials, encompassing explanations of the environmental settings of 
the sites, the habits and life histories of the fauna, damage patterns, skeletal 
part representation, and spatial distributions and the implications these 
patterns have for early hominid activities (e.g., Potts 1988). The abundance 
of actualistic studies is a good thing in my opinion, even in light of Klein's 
critique; all that is needed is more attention to interpretation and greater 
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efforts to synthesize the multiple Hues of evidence now avaHable. 
The investigation of archaeological and palaeontological site formation 
processes depends equaBy on the prior analysis of actuaHsticaHy derived data 
relating to bone accumulation contexts and the careful appHcation of those 
same multiple Hues of evidence in the interpretation of fossH contexts. WhHe 
conclusions about the integrity or nature of early archaeological sites must 
always be offered with caution and restraint, I argue that careful amassing of 
actualistic data, however seemingly reductionists, can produce meaningful 
description and explanation of early hominid ecology. That hypotheses put 
forth today may be blown asunder next week should not be a stumbling 
block. As Watson (1993:350) has saHently contended, "Results [of taphonomic 
studies] may be short-Hved for a very good reason: because a particular 
question or set of questions has been answered, or has been shown to be a 
deadend, and it is time to extend inferential boundaries in new directions." 
I begin then, with an admonition that my interpretations of the Oldu-
vai crocodHe and turtle remains are only as good as the actualistic data that 
constitute the comparative base. As in any scientific enterprise, further 
research may either support or refute the present findings. Nevertheless, 
however provisional the analyses presented here may be, I do believe that 
they represent a careful step in the direction of hoHstic understanding of the 
early archaeological record and the palaeoecology of early Homo in Africa. 
Crocodylus and Pelusios are both abundant and weU-represented 
anatomicaUy at a number of Olduvai Bed I and H archaeological sites (for the 
initial reporting of NISP values see M. D. Leakey 1971:257, Table 4). Factors 
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affecting their taphonomy have only begun to be investigated with the 
present study, but clearly some appHcation to the archaeological record is 
due. I conducted an analysis of the Olduvai crocodHe and turtle remains at 
the National Museums of Kenya under the auspices of the Ministry of 
Labour, Culture and Social Welfare, Antiquities Unit, of the Government of 
Tanzania. The crocodHe and turtle remains from the foBowing Olduvai sites 
are to be presented in detaH here: DK, FLK NN, FLK, BK, and MNK SkuH. 
The remains were examined in a manner simHar to that given to the field 
materials previously described, with the foBowing detaHs recorded: taxon, 
element, side, portion of element, maximum length of the specimen, the 
presence and nature of fracturing, the presence and nature of carnivore 
damage, the presence and nature of cutmarking, and other general types of 
damage, such as abrasion, rounding, and crushing. 
Each of the sites, except BK, has been described as a living floor" site 
by M. D. Leakey (1971) on the basis of the juxtaposition of stone tools and 
comminuted animal bones. The association of these materials was, at one 
time, sufficient evidence to link them behaviorally to the subsistence activi-
ties of early hominids. At BK a large quantity of stone tools and faunal re-
mains were discovered as weB as two hominid teeth (OH 3, cf. Australopith-
ecus as reported by Day 1977), but the site has never been considered a "liv-
ing floor" because of its channel context and apparent evidence for having 
been slightly disturbed, and possibly moved, by hydraulic processes (M. D. 
Leakey 1971) The very abundant turtle remains at FLK NN and DK were 
immediately interpreted as having been the food refuse of the hominids: 
"Tortoises are very well represented on the early Oldowan living-floors and 
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seem to have been a regular article of the diet (L. S. B. Leakey 1967:71)." 
Later, a taxonomic study of the turtle by Auffenburg (1981:519) supported the 
initial interpretations adding to them the conclusion that a decrease in the 
body size of turtles in the Bed I sites compared to those in the Bed II sites 
indicated that later hominids selectively sought smaller sized turtles, "either 
by choice or coHecting methodology." 
Auffenberg's evidence consisted mostly of comparing the percentage 
NISP for different taxa at the Hving versus the "non-Hving" sites, finding that 
turtles were statisticaBy more common at the Hving sites (p = 0.02) and 
constituted a significantly greater proportion of the whole fauna at these sites 
than at non-archaeological sites. He attributes the presence of Pelusios at 
DK Levels 1 and 2, FLK NN Levels 1,3 and 4, FLK "Zinj", and MNK Skull 
all to hominid subsistence activities. No descriptions of the condition or 
skeletal part representation of these remains is presented, however, and the 
treatment is much along the Hues of palaeontological description. 
In contrast to the moderate attention paid to the Olduvai Pelusios 
materials, the crocodiles have been noted only for their taxonomic signifi-
cance, namely for their contribution to our understanding of the evolution of 
Crocodylus niloticus in the Great Rudolf Basin during the Pliocene (Tchemov 
1986). Although C. niloticus is not known from Olduvai, its ancestor is, C. 
lloidi, an extreme brevirostrine species. As Tchemov (1986) has argued, the 
primary mode of adaptation in the CrocodHidae is through rostral elongation 
with shorter snouted crocodHids (such as C. lloidi) being the most terrestrial 
and preying more on terrestrial fauna, whHe the extreme longirostrine forms 
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such as Euthecodon brumpti (extinct) and the extant gavials are more aquatic 
and obhgatory piscivores. Intermediate-snouted forms such as the extant 
Crocodylus niloticus and C. palustris (the "saltwater" crocodHe) are also 
intermediate in feeding behavior. 
OLDUVAI GORGE 
Olduvai Gorge, located in northern Tanzania in the midst of the 
Serengeti ecosystem and first described in print by the geologist Hans Reck 
(1914a, b), later became world reknown for its unparalleled vista into the 
evolutionary history of humankind owing primarily to the extensive re-
searches of Louis and Mary Leakey (L. S. B. Leakey 1951,1959,1965; L. S. 
B. Leakey et al. 1964; M. D. Leakey 1967,1971,1978) (Figure 8.1). The 
Olduvai exposures has permitted the examination of local evolution and 
environmental change over a temporal span of nearly two million years and 
allowed for fine-grained palaeoenvironmental reconstructions (Hay 1975, 
1976; Jaeger 1976; Kappelman 1984). Together, the Leakeys' primary intent 
was to find and excavate 'living-floor" sites simHar to the ones they had 
excavated at Olorgesailie during the 1940s, which were later taken over and 
more fuBy publicized by Glynn Isaac (1977). Excavation of such sites, the 
Leakeys stressed, held the key to fleshing out the actual "nature ofafuH 
assemblage of stone tools of the various stages of the Hand-axe-culture" (L. S. 
B. Leakey 1967:xii). The excavations at Olduvai, particularly the excavation 
of FLK Level 22 (the "Zinjanthropus" site) represented something very new 
and exciting in Old World archaeology—the exposure of large, continuous 
palaeo-land surfaces, in other words, the actual "floor" upon which hominid 
activities were thought to have taken place. In addition to their work on 
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numerous archaeological sites, the Leakeys discovered two new hominid 
species, Australopithecus boisei (Leakey 1959) and Homo habilis (Leakey et 
al. 1964), in the deposits, and with their speculations and interpretations of 
the meaning of these sites and their relationship to early hominid anatomical 
and behavioral evolution, defined the scope and direction of palaeoanthropo-
logical research from the 1960s to the present (L. S. B. Leakey 1951,1959, 
1967; Leakey and Leakey 1964; L. S. B. Leakey et al. 1964; M. D. Leakey 
1967,1971; Leakey and Day 1971; Bunn 1981,1986; Bunn and Kroll 1986; 
HH11983; Potts 1982,1986,1987,1988,1991; Potts and Shipman 1981; 
Susman and Stem 1982; Shipman 1986; Johanson et al. 1987; Speth and 
Davis 1987; Biumenschine and Masao 1991; Stewart 1994; Sikes 1995). Even 
after these 40 years of scientific activity, archaeological research continues 
today at Olduvai (Biumenschine and Masao 1991) and the previously exca-
vated materials continue to be reanalyzed and their significance debated 
(e.g., Binford 1981; Bunn 1981,1986; Bunn and Kroll 1986; Potts 1988; 
Stringer 1986; Rightmire 1993; McHenry 1994; Wood 1992). 
The establishment of the stratigraphic sequence was carried out by 
Hay (1975,1976), whose careful mapping of marker horizons (tuffs) across 
the lateral expanse of the gorge exposures predicated aB further interpreta-
tions of the cultural and palaeoecological changes documented at Olduvai. 
Hay divided the stratigraphic sequence into Beds I through IV, the Masek 
Beds, the Ndutu Beds, and the Naisiusiu Beds (Figure 8.1). The lowest, and 
hence oldest, Bed I, has been dated using K/Ar to 2.0 to 1.7 mya, and Bed II 
to 1.7 to 1.15 mya (Curtis and Hay 1972). 
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Figure 8.1 Polarity time-scale and stratagraphic sequence for Olduvai 
Gorge, Tanzania. Shown also are the ranges of the three major lithic indus-
tries represented in the archaeological assemblages (after Hay, 1976). 
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Clarification of the Olduvai stratigraphic sequence brought about the 
Leakeys' reassessment of their initial interpretation of the Olduvai cultural 
sequence (the so-caBed "CheHes-Acheul" sequence), originally laid out as a 
gradual evolution from Oldowan to a "CheBean" stage marked by proto-
bifaces, and finally into the more complex Acheulian culture with its weB-
formed and regular handaxes and cleavers. With increased understanding of 
the stratigraphy, it became clear that the two industries coexisted during Bed 
II times, occurring at times in the same sites, indicated by the co-occurrence 
of Acheulian handaxes in Developed Oldowan assemblages. The hominid 
finds shed Httle Hght on the nature of the relationship between the indus-
tries—both early Homo and Australopithecus remains were recovered from 
Oldowan and Developed Oldowan "Hving floor" sites, but no hominid remains 
have been recovered from sites containing AcheuHan materials. NaturaHy, 
the larger brained Homo was envisioned the more able of the two genera and 
has been widely declared the toolmaker, whHe Australopithecus boisei has 
been designated the simple-minded vegetarian, the epitome of a poor rela-
tion. Recent work by Susman (1991,1994) however indicates that Australop-
ithecus could very weU have been the maker of the Oldowan tools assem-
blages. 
As with most early archaeological sites in Africa (e.g., the Karari sites, 
Peninj, Olorgesailie, IsimHa, Kalambo FaBs), the Olduvai Bed I and II ar-
chaeological sites formed near permanent water, a consequence of the in-
creased chance of preservation in such areas as weU as to a probable hominid 
attraction to near-water resources such as lush vegetation, a reHable water 
source, and higher prey-animal densities, including the predictably distrib-
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uted meat resources represented by aquatic reptiles. The Bed I and H units 
preserve the record of a now extinct Lake Olduvai, a smaH, closed basin lake 
that measured approximately 10 by 5 km during Bed I times. With increas-
ing tectonic activity, the perennial sump of the lake shifted in its basin, and 
around 1.6 mya the lake shrunk by a third of its maximum size, finally disap-
pearing during penultimate Bed II times. During the formation of Bed HI, 
drainage of the graben formed only smaH ponded areas, and after this, a 
perennial sump area formed in the Olbalbal depression, a graben that sub-
sided during the Holoeene (Ndutu Bed times) and is the drainage basin for 
the channels that are responsible for the present form of Olduvai Gorge. 
During the Bed I times, Lake Olduvai levels rose and feU across the 
low terrain surrounding it in response to changes in input (rainfall) and 
evaporation rates. Hay (1976) estimates that lake level fluctuated possibly 
up to 3.4 m at its maximum, with the perennial part of the Bed I Lake Oldu-
vai covering only a 5 by 10 km area while the flood zone (or maximum lake 
area) was far larger at 16 by 25 km. Intermittent flooding caused interfinger-
ing of lake deposits (claystones) with tuffs and lavas from the eastern high-
land volcanos and with the alluvial fan deposits that formed the eastern 
margin of the basin. To the west, deposits also show evidence of intermittent 
flooding (i.e., interfingering with lake deposits), but are thinner and are 
differentiated from the eastern deposits by their overall sedimentary rather 
than igneous character. Hay's (1976) study of the pattern of zeolitic alter-
ation across the lake sediments indicates that the southeastern margin of the 
lake had the lowest salinity levels and the northwest portion the highest. 
The distribution of archaeological and palaeontological sites differs also 
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between the eastern and western margins of palaeolake Olduvai, with the 
greatest number of sites located along the eastern margins where water 
would have been freshest. Hay (1976) states that two archaeological sites 
were located in the western lake-margin deposits, but never excavated. He 
has interpreted the lack of sites in the western deposits as possibly the result 
of low densities of game along that margin of the palaeolake, or possibly due 
to differences in vegetation there that made the area unattractive to homi-
nids. 
The faunal composition of Bed I indicates conditions more mesic than 
for the area today, although the climate has stiB been interpreted as semiarid 
(M. D. Leakey 1971; Hay 1976). The larger mammalian taxa include Probos-
cidea, Rhinoceridae, ChaHcotheriidae, Equidae, Suidae, Hippopotamidae, 
Giraffidae, and Bovidae. The bovids are dominated by the tribe Reduncini, 
which today includes the water-dependent forms. Carnivores are represented 
by a machairodont, Crocuta, Canis mesomelas, a number of viverrids, Oto-
cyon, and the mustelid Lutra. Small mammals include rodents such as 
Muridae, Sduridae, Cricetidae, and Hystriddae, lagomorphs, Chiroptera, 
various insectivores, and the primates Galago, Simopithecus, Papio, Aus-
tralopithecus boisei, and Homo habilis (M. D. Leakey 1976; Hay 1976). A 
large avifauna component has been described for Bed I which includes passe-
riformes, ostrich, and aquatic forms such as flamingos, cormorants, avocets, 
geese, ducks, and plovers. In addition to the crocodiles and the turtle Pelu-
sios, the reptiles known from Bed I include a smaH number of Trionyx speci-
mens, as weU as the monitor Hzard Varanus, and snakes including Boidae, 
Colubridae, Elapidae, and Viperidae. Amphibians such as Rana and Bufo, as 
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weB as fish Hke Claridae and Cicblidae are also known. Toward the top of 
Bed I, Hay (1976) reports that the Reduncini (Bovidae) are less common, and 
the more grassland-adapted Alcelaphini become dominant. Kappelman's 
(1984:191) habitat reconstructions of Bed I and lower n based on bovids 
indicates that climate over the period represented was "one of a trend toward 
more open or more arid environments which [was] occasionaBy punctuated by 
returns to more closed or more humid habitats." Also Jaeger (1976) shows 
that changes in the rodent fauna at the top of Bed I, particularly the loss of 
marsh-adapted murids and the appearance of xeric forms Hke bathyergids 
(such as the extant form Heterocephalus glaber, the naked mole rat), sdurids 
and the arboreal woodland-adapted Thallomys, indicate the onset of drier 
conditions. 
The Bed II deposits are more varied than those of Bed I. A disconfor-
mity in lower Bed II marks a profound change in the palaeogeography of the 
area. Below the disconformity, the fades represented are simHar to those in 
Bed I, consisting of lake, lake margin, and aBuvial fan deposits. After the 
discontinuity, however, there are lake, fluvo-lacustrine, alluvial fan, and 
eolian deposits. No lake margin deposits of the kind found in Bed I and 
below the discontinuity in Bed II are present above the discontinuity, with 
the flood zone and marshland areas of the lake replaced by channelled depos-
its marked by evidence of flash flooding and mudflows indicating that tec-
tonic activity changed the drainage pattern of the area and climatic changes 
brought about more xeric conditions. The size of the perennial lake is consid-
erably diminished above the discontinuity, but salinity did not increase pro-
portionately, possibly owing to underground seepage of more saline water to 
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some lower level in the hydrological system of the region (Hay 1976). 
OveraH, the lower Bed II fauna is similar to that of Bed I, showing 
dear continuity. However, the Bed H fauna below the geological discontinu-
ity is significantly different from that occurring above the break. Many of the 
forms found in lower Bed II are not found in upper Bed II, supporting the 
sedimentological evidence for climate change. Moreover, there is a change in 
the relative frequences of spedes, with grassland forms becoming more 
dominant. Hay (1976:93) states that in upper Bed II "Forms favoring open 
savannah and riverine conditions (equids, antelopes, and hippos) are much 
more common, relative to swamp-dweBing and lacustrine forms, than they 
are below the disconformity...." 
ARCHAEOLOGICAL SITE DESCRIPTIONS 
By the mid-1970s, Hay (1976) reports that the survey work at Olduvai 
had discovered total of 129 archaeological site in Beds I and II, although not 
all were sampled by excavation. The Bed I and lower Bed II sites all occur in 
lake or lake margin sediments (N = 29), and the majority of upper Bed II 
sites occur in fluvo-lacustrine sediments (N = 100) (Hay 1976). 
DK 
The DK site occurs in lake margin sediments, primarily claystones and 
tuffs that sit atop trachyandesite lavas dated to 1.85 mya, and below Tuff IB, 
dated to 1.79 ± 0.03 mya. A palaeosol, a weathered and eroded tuff, forms 
Level 3, which lies partly on the thin sediments of Level 4 and on the under-
lying lavas. The excavations at DK consisted of five separate units, DK LA, 
DK I Strips I-HI, DK LB, and DK IC. The total area excavated was 475.5 m2 
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but DK IC and the trenches were located approximately 135 m away from DK 
I ,DKIA,andDKLB. 
The exposed lavas are the material from which the DK "stone-drde" is 
composed, and much other lava debris was scattered over the site. What 
appeared to be game traHs—smaH, narrow, channel-like structures—were 
found in Level 3. The highest concentration of stone artifacts and faunal 
remains is found in this level, although M. D. Leakey (1971) reports that 
more dAbitage was excavated from Level 2. The three uppermost levels at 
DK, 1 through 3, constitute 1.95 m, without any clear hiatus or break in the 
form of deposition other than shght changes in the sediment (e.g., Level 3 is a 
"grey-brown sandy clay," Level 2 is a "buff-yeUow sandy day," and Level 3, a 
"brown day" (M. D. Leakey 1971:23)). Although thick and therefore lacking 
stratigraphic control, she (1971:25) argued for considering "the material from 
the three levels as a single cultural stratigraphic unit in order to make avaH-
able a larger and more representative series of artefacts for comparison with 
material from other sites." Hominid material from DK consists of OH 24 
(Homo habilis), a cranium, and OH 52 (cf. Homo habilis), an incomplete left 
temporal (Day 1977). 
Hay's (1976) reconstruction of the local environment of Bed I times 
puts DK near the margin of the palaeolake. The clays there are marked with 
the rootcasts of rhizomes, probably papyrus, and the large quantity of croco-
dHe remains both were taken as evidence of the sites' proximity to water. 
The actual distance from the water during site formation is not known, but 
Potts (1988:27) suggests that it "may have been further from the perennial 
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lake margin than the other sites of Bed I," although he does give any evidence 
for this assumption other than the distance of the site from the boundary of 
lake's perennial sump. Hay (1976) has noted that when lake level rose, the 
low terrain would have aHowed vast areas of lake margin to be inundated. 
The broad interfingering of lake margin and lake deposits caused by these 
transgressive-regression cydes makes it difficult to determine the exact 
location of the lake margin relative to any of the archaeological sites during 
their formation. 
The DK faunal assemblage is one of the most varied among the ar-
chaeological sites at Olduvai. AB large mammalian taxa are represented as 
are fish, bird and rodents (although these are scarce). CrocodHes and turtles 
abound at DK, with Crocodylus (NISP=5,762) making up over 65% of the 
entire faunal assemblage. The vast majority (90%) of the crocodHe remains 
are teeth, but among the remaining 10% of the sample are nearly aH other 
elements, only the proatlas, atlas, axis, hyoid, and interclavicle missing. 
Notably, the cranium and jaw are only very poorly represented. The abun-
dance of crocodHe teeth at DK has been considered by some to be odd and 
somehow indicative of a long period of accumulation (Binford 1981). : 
...for there to have been 4600 teeth shed by juvenile crocodiles in 
an area of approximately 255 m%, the deposit certainly did not 
accumulate overnight. In fact, a considerable period of time 
appears to be represented. 
I must remark that, contrary to Binford's (1981:254) statement regarding the 
rather tremendous number of crocodile teeth at DK, not only juvenile croco-
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dHes shed teeth. For instance, a NHe crocodHe (Crocodylus niloticus) has 
approximately 136 teeth at any one time, but only 80 are functional at a time. 
Teeth are continuously shed and replaced throughout the lifetime of a croco-
dHe. Using this measure as a basis for interpreting the number of crocodHe 
teeth at DK, the functional teeth of thirty-three crocodHes could account for 
aH of the 4600 teeth dted by Binford. Or more parsimoniously, say 7 croco-
dHes Hving, shedding teeth, and dying in the lake over a period of 5 years. 
The emphasis on teeth seen in examinations of the mammaHan remains 
should be avoided when discussing the crocodHe remains from these sites. 
CrocodHe teeth should be considered sedimentary partides only, and not be 
referred to in discussions of minimum numbers of individuals and the Hke. 
The turtle Pelusios is also weU represented at DK, with 1208 sped-
mens recorded by me. M. D. Leakey (1971) reports that for the turtles "Bones 
and scutes occurred in normal proportions, although they were usuaBy scat-
tered." I find the comparison between proportions of appendicular bones and 
vertebrae to scutes to be difficult to quantify due to the extremely commi-
nuted nature of the turtle scutes. 
FLKNN 
The FLK NN site was originaBy discovered when a hominid molar and 
later a phalanx were found on the surface. It was ascertained that the mate-
rial was coming from one or both of two day layers and excavation of 
trenches cutting into these horizons began. Further hominid material was 
found (OH 7 and 8) and a much larger area was eventuaBy exposed over the 
course of two years. FLK NN preserved four levels, consisting of clays (Lev-
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els 1,3 and 4) and one tuff (Level 2), with only Level 4 underlying Tuff LB (as 
is DK), the rest being located above it (and hence higher in the sequence than 
DK). Tuff LB was heavHy rootmarked and preserved reed stalk impressions. 
Because of this, FLK NN is considered to have been located very near to 
permanent water. 
Level 1 showed evidence of erosion or weathering and hence is consid-
ered to be a palaeosol. Not many artifacts nor much d6bitage was found in 
Level 1, although it did contain comparatively more faunal remains 
(NISP=251). The bones from this level are not weU preserved, and because of 
the small nature of the assemblage it is not considered to be an occupation 
site. Level 2 is a tuff, but has a high day content, and M. D. Leakey (1971) 
reports that the fossHs found in Level 2 mostly occurred in the clayey areas. 
No artifacts were found in Level 2, but one cutmarked bone was found—a 
single metacarpal from an equid forelimb, the rest of which is also found at 
the site. Potts' (1988:136) analysis of Olduvai Hving floor sites used FLK NN 
Level 2 as an outgroup, labeHing it "primarily carnivore" in agreement with 
M. D. Leakey's (1971) original interpretation of the site based on the lack of 
artifacts. Although she (1971:43) reports that "no amphibians or tortoises 
were found" my analysis found 13 Pelusios specimens assigned to this level. 
Level 3 showed evidence of weathering and therefore soil development. 
SmaH rootcasts are suggested by coloration differences in the clay. This level 
is considered an occupation site due to the high number of stone artifact and 
faunal remains concentrated in the thin palaeosol. The fauna includes fish, 
turtles, amphibians, rodents, birds, as weB as bovids, rhinocerotids, equids, 
and carnivores. Absent from the FLK NN faunal assemblages are Primates, 
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Probosridea, Rhinocerotidae (Levels 2 and 3 have none, Level 1 has 2 sped-
mens), Hippopotamidae, and Giraffidae. 
A small number of crocodHe specimens (N=14) were originally de-
scribed from Level 3 of FLK NN (M. D. Leakey 1971:257, Table 3), but I found 
none during my analysis of materials from the Olduvai sites. I did record 105 
crocodile specimens from Level 4, however, although faunal material from 
this level is not described by M. D. Leakey (1971). The Pelusios material 
from FLK NN is quite significant, being greatest from Level 3. 
FLK^ZINJ" 
Level 22 of the FLK site is reknown as the "Zinjanthropus" site be-
cause of the discovery there of the first Australopithecus boisei specimen (OH 
5) by Mary Leakey in 1959 (Leakey 1959). Excavations began at the site with 
the hope of recovering more hominid material, and eventuaBy it was discov-
ered that the skull had rested on a palaeosol along with a very large faunal 
assemblage, a great number of quartz flakes, and a few stone tools. The total 
area excavated in the end was approximately 304 m%. The palaeosol was 32 
cm thick and had apparently been cut by a smaB channel during its forma-
tion. A depressed area in the surface was interpreted as a tree faB. The 
stone and bone spedmens appear sorted in the distribution over the surface 
of the site, with the larger materials located in a zone around a central por-
tion filled with smaBer pieces. The bone material at FLK "Zinj" is marked by 
its particularly comminuted state, far more broken up (although not heavHy 
weathered) than at any other of the occupation sites. 
A wide variety of taxa are represented, but bovids dominate. Molluscs, 
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amphibians, fish (three catfish crania), birds and small mammals (rodents, 
insectivores, bats) are present also. The reptiles indude chameleons, snakes 
and the turtle Pelusios. Missing from the faunal assemblage are Probosddea, 
Rhinocerotidae, and Hippopotamidae. Giraffidae are represented by only 2 
spedmens. M. D. Leakey (1971) reports that 14 crocodHe teeth and one scute 
were recovered, but I did not find these in the coUection. FLK "Zinj," al-
though lacking the high numbers of crocodHe and turtle remains found at 
DK, FLK NN, probably was located nearer to the center of the perennial lake 
zone, and has been interpreted by M. D. Leakey (1971) as corresponding 
stratigraphicaHy to FLK NN Level 1. Hay's (1976) reconstruction of the 
sequence of environmental changes at Olduvai has more xeric conditions 
arising during the Middle Bed LI, with the perennial lake found during Bed I 
replaced by scattered ponds by Bed HI times. FLK NN does not have signifi-
cant quantities of crocodile remains either, but turtle specimens are found in 
great numbers. The lake margin nature of any of these archaeological sites 
should not be construed on the basis of the presence or absence of any taxa— 
particularly since the extent of hominid involvement in the formation of the 
faunal assemblage is in question. 
MNK SKULL 
The MNK Skull site is part of the MNK site complex, found approxi-
mately 12 m above the base of Bed II, not far above Tuff HA (or as Hay 
(1976:70) uses as an equivalence in this part of the Side Gorge, above "the 
topmost stratum of the lacustrine fades"). MNK SkuU, the lowest part of the 
complex, is so named because of the discovery of OH 13 (a Homo habilis 
mandible and partial cranium), as weU as OH 14 and 15. The excavations at 
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MNK were begun in 1963 after faunal material and Oldowan artifacts were 
coUected at the site. Later, excavations of MNK SkuB were initiated after 
hominid material was found in situ. The OH 13 material was found to be 
lying on a palaeosol. Lime encrusted and highly comminuted faunal materi-
als were also found in and on this palaeosol. OH 15, which consists of two 
molars and a canine, was found at a higher level than OH 13. The three 
molars were verticaHy separated, two teeth occurring together and the third 
found over 1 m away horizontally and 0.5 m below (M. D. Leakey 1971). 
These specimens are considered to have come from one individual. Their 
context indicates that MNK SkuB site sediments were exposed to extensive 
post-depositional disturbance. M. D. Leakey (1971) reports that "Over 6,000 
minute partides of bone were also recovered in the course of washing the 
deposit through sieves for fragments of hominid material." The highly frag-
mented nature of the bone material is very interesting and might be ex-
plained by examining the weathering profile for the faunal materials. 
A perennial lake stiU existed during the formation of MNK SkuH, and 
the site was located in the flood zone of the lake, in the fluvial-lacustrine 
fades (Hay 1976). The presence of trona crystals in the perennial lake zone 
indicates that the lake was highly saline at the time. The lake appears to 
have shrunk just after the disconformity overlying Tuff LEA, and so just prior 
to the formation of the MNK Skull site. 
M. D. Leakey (1971) categorizes the MNK Skull site materials by 
levels marked by the discovery of hominid remains, that is, by "level of H. 
13," or "level of H. 15." These two levels do differ in material, with the H. 13 
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level consisting of a "dayey tuff" and the H. 15 level being a "Re-worked fine-
grained tuff." She reports that fauna is scarce in the H. 15 level, and that 
overaB at the site, turtles are the most common taxon (76.8% of total NISP), 
and crocodHes are represented by only 11 specimens. Large mammals are 
poorly represented and mainly consist of bovids (NISP=29) and a few sped-
mens each of Probosddea, Equidae, Rhinocerotidae, Suidae and Hippopota-
midae. Fish, birds, rodents and amphibian remains were recovered also. 
Approximately half of the crocodile and turtle material does not have clear 
provenance, since apparently excavated sediments from the two levels were 
screened together. Because of this, in analyzing the crocodile and turtle 
material from MNK SkuH, I have combined material from Leakey's two lev-
els. 
BK 
The BK site is the only non-lake margin site examined here. Excava-
tions at BK took place between 1952 and 1957, and then again during 1963 
after it was dedded that the stratigraphy of the site had not been made clear 
by the earlier work. The series of trenches dug in 1963 uncovered approxi-
mately 270 m^. and showed that the complex stratigraphy represented a 
filled-in river channel that cut into the Tuff HD. So complicated was the 
cross-bedding of the channel that M. D. Leakey (1971) felt it best to consider 
the entire fill as one unit. 
BK is located above the discontinuity marking the change in the 
palaeogeography of the area. The fluvial nature of BK is representative of 
the upper Bed LI environment in which the lake margin contexts seen in Bed 
326 
I and lower Bed LI no longer are found. Lake Olduvai no longer existed during 
the formation of BK—the basin had shrunk into a wetlands and migrated 
eastward of its Bed I location. The BK channel was oriented roughly south-
west-northeast, draining into the wetlands to the north. 
The fauna is more varied than any of the archaeological sites other 
than DK—both have aH large mammalian taxa represented as weU as smaH 
mammals, birds, amphibians, turtles and crocodHes. Although resting in 
channel fiH the majority of the faunal material was not heavHy abraded or 
rounded. Perhaps the most notable find at BK was a considerable number of 
Pelorovis remains (MNI=24) and two Australopithecus teeth (OH 3). One 
nearly complete Pelorovis skeleton was found in days, the limbs standing 
verticaBy as though the animal had become mired in mud. Her interpreta-
tion similar to HoweH's (1966) interpretation of the Torralba and Ambrona 
elephants sites, M. D. Leakey (1971:199) proposed that BK formed through 
complex hunting activities: 
Choppers and other tools, induding one biface, were found dose 
by, and the suggestion put forward some years ago by L. S. B. 
Leakey that the animals had been driven into the swamp by 
early man and then slaughtered, seems Hkely to be correct. 
These last two sites, MNK SkuB and BK, have not received the same 
attention from researchers as high resolution, artifactually dense sites Hke 
FLK "Zinj" or even DK, where the resolution of old surfaces is difficult (only 
Level 3 preserves an obvious land surface), but both faunal remains and 
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artifacts are abundant. Concerning MNK SkuB, this probably has much to do 
with the rather low NISP values for aH taxa, and that M. D. Leakey (1971) 
only discusses the fauna and artifacts from the OH 13 level. Regarding both 
BK and MNK SkuB, the low resolution of the stratigraphy may have played a 
role in their being passed over for analysis, even though M. D. Leakey (1971) 
did interpret both as occupation floors. BK suffers from the added pitfaB of 
having a number of roBed and abraded artifacts suggesting stream action 
was a factor in site formation (although few faunal specimens show simHar 
damage). Researchers studying Olduvai materials subsequent to the pubHca-
tion of M. D. Leakey's (1971) monograph have apparently weighted the sig-
nificance of the various sites after her own example. Hence, sites that re-
ceived the most attention from M. D. Leakey (1971), DK, FLK NN Levels 1 
through 4, FLK Level 22 ("Zinj"), and FLK Level 6, have also received the 
greatest amount of outside attention (e.g., Binford 1981; Binford et al. 1988; 
Bunn 1981,1982; Bunn and Kroll 1986; Marean et al. 1992; Oliver 1994; 
Potts 1982,1987,1988,1991; Potts and Shipman 1981), while very little 
attention has been oriented toward the others she described (e.g., Biumen-
schine & Masao 1991 [HWKE site]; Hill 1983 [TK site]; Stewart 1994 [MNK 
Main, HWKE, BK, and SHK sites]). The sites being examined here were 
chosen only on the basis of their higher numbers of crocodile and turtle re-
mains. 
Table 8.1 Hsts the Number of Identified Spedmens and Minimum 
Number of Individuals for the crocodiles and turtles at the Bed I and II Oldu-
vai archaeological sites that will be examined. Also included here is the 
percentage total fauna derived from M. D. Leakey's (1971) monograph, ad-
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Site FLKNN FLKNN FLKNN FLK MNK 
DKi Level 3 Level 2 Level 1 "Zinj" Skull2 BK 
Chelonia 
Crocodyiidae 
Primates 
Carnivora 
Probosddea 
Equidae 
Rhinocerotidae 
Suidae 
Hippopotamidae 
Giraffidae 
Bovidae 
Grand Total 
1,208 
14.4 
5,762 
68.5 
62 
0.7 
34 
0.4 
20 
0J2 
42 
0.5 
17 
0.2 
167 
2.0 
34 
0.4 
19 
0.2 
1,046 
12.4 
8,411 
1,475 
81.7 
0 
0.0 
0 
0.0 
56 
3.1 
0 
0.0 
10 
0.6 
0 
0.0 
32 
1.8 
0 
0.0 
0 
0.0 
232 
12.9 
1,805 
13 
3.5 
0 
0.0 
0 
0.0 
7 
J.9 
0 
0.0 
19 
5.1 
0 
0.0 
186 
50.4 
0 
0.0 
0 
0.0 
144 
39.0 
369 
98 
39.0 
0 
0.0 
0 
0.0 
4 
1.6 
0 
0.0 
8 
3.2 
2 
0.8 
54 
21.5 
0 
0.0 
0 
0.0 
85 
33.9 
251 
54 
8.2 
0 
0.0 
30 
4.5 
12 
1.8 
0 
0.0 
40 
6.0 
0 
0.0 
50 
7.6 
0 
0.0 
2 
0.3 
474 
71.6 
662 
83 
61.0 
11 
S.J 
0 
0.0 
0 
0.0 
1 
0.7 
2 
1.5 
1 
0.7 
6 
4.4 
3 
2.2 
0 
0.0 
29 
2L3 
136 
23 
2.3 
38 
3.8 
16 
i.6 
9 
0.9 
7 
0.7 
178 
17.8 
19 
1.9 
89 
8.9 
20 
2.0 
74 
7.4 
526 
52.7 
999 
1
 Values for DKhave been figured with the site taken as one stratigraphic unit. Level 
provenance was not available for all specimens, hence breakdowns by level elsewhere will 
not sum to this value. 
2
 Chelonia and Crocodylidae totals for entire site given. 
Table 8.1. Olduvai sites Number of Identified Specimens (NISP) and per-
centages of total NISP (in italics) for Chelonia and CrocodyHdae compared to 
those for large mammals; data from Leakey (1971:257, Table 4). The percent-
ages given in Leakey (1971) have been adjusted for totals of Chelonia and 
CrocodyHdae resulting from this analysis. 
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justed for my totals of the reptiles. For turtles, my numbers represent only 
the genus Pelusios (the most common taxon at DK), foUowed by Crocodylus. 
Both outnumber equids, suids, and hippos combined (M. D. Leakey 1971, 
Table 4). At MNK SkuB site (OH 13 Level), crocodHes are only represented 
by three postcranial bones. At the other archaeological levels at Olduvai, 
crocodHes are represented mostly by teeth ,and the postcranial remains are 
not significant. Turtles, however, again are the most abundant fauna at FLK 
NN Level 1, FLK NN Level 3, and at the MNK SkuH site. Clearly, former 
interpretations of the reptHian components of early archaeological faunal 
assemblages require reevaluation using modern actuaHstic and taphonomic 
methodologies. 
ANALYSES AND RESULTS 
Bone Densities and Spatial Patterning 
The null hypothesis for explaining the high densities of aquatic reptile 
remains at DK, FLK NN Level 3, and FLK "Zinj" is that these animals repre-
sent only attritional bone material and owe their presence solely to the lake-
margin habitat in which these sites are located. A total of 16 other Bed I and 
H sites are considered by M. D. Leakey (1971) to represent occupation floors, 
but only half of these contained crocodile or turtle remains, and only three 
contain what I would term significant amounts (DK, FLK NN Level 3, and 
FLK "Zinj"). None of the Bed III or TV occupation sites contained crocodile or 
turtle materials, clearly reflecting tectonic and other environmental changes 
that led to the shrinking and eventual disappearance of the lake and there-
fore the impossibility of hominid acquiring these animals. Jaeger's (1976) 
work on the Bed I rodents showed that xeric conditions were present very 
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near the top of Bed I; but osculated back to more mesic conditions repeatedly 
(see also Hay 1976 and Kappelman 1984). Pelusios and Crocodylus remains 
were found at MNK Main just above Tuff KB, and so must stiB have been 
avaHable in the vicinity, though perhaps in reduced numbers. 
To my knowledge, only KroB (1994) has systematicaBy examined the 
internal spatial patterning of materials at early archaeological sites. Her 
analyses involve density contour analysis and refitting of both faunal and 
lithic sped mens to aid estimations of the vertical and horizontal post-deposi-
tional disturbances of the materials. The refitting study was spedficaUy 
aimed at determining whether the sites formed primarily on one "old land 
surface" or multiple, superimposed land surfaces. The massive nature (lack 
of bedding features) of the Hthological units in which the sites occur makes 
this determination impossible based on visual inspection alone. The refitting 
of Hthic pieces and faunal specimens showed that both horizontal and vertical 
separation of refit groups may vary widely, from minimal separation of less 
than 10 cm to greater than 40 cm separation. The smaH separation distances 
of most refit groups indicates that these pieces originally were deposited on 
the same land surface, even though this surface was not identifiable during 
excavation or in section. Larger separation distances suggest post-deposi-
tional movement by bioturbation. 
KroB's (1994) contour analysis of the so-caBed maxi-site FxJj50 and 
the mini-site FxJj 64 showed that low density dusters of material occur in 
both types of sites, and that the minimal excavations at sites deemed "mini-
sites" may be responsible for their identification as such. She argues that 
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estimations of site densities should only foBow extensive excavations, where 
wide areas are exposed to insure that the limits of the "site" are defined. 
Excavation of only small areas (the FxJj64 excavation exposed 36.5 m^) may 
result in "premature dassification" of site types. landscape-oriented excava-
tion programs, such as those of Biumenschine and Masao (1991), Stem 
(1993), and Rogers and Harris (1992),and Rogers et al. 1994, in which small 
units (usuaUy 1 m%) are spaced out over the lateral extent of one particular 
horizon are potentiaUy nusidentifying contexts because of what may be 
highly variable artifact densities. As KroB demonstrates, more extensive 
excavations (e.g., FxJj50) show that larger, coherent artifact/bone scatters 
(i.e., "sites") are made up of smaller dense and less dense dusters, and that 
any of these smaller dusters might have been identified as a "mini-site" or 
"scatter-between-the-patches" if only a smaB area had ever been exposed. 
These findings are significant to interpretations of the previously 
excavated Olduvai sites, even though control of the provenances of these 
materials is not certain enough to allow the detaHed studies performed by 
Kroll (1994). Spedfically, her work indicates that sites with low stratigraphic 
resolution but high volumetric bone densities such as DK Levels 1 and 2, 
FLK NN Levels 1 and 2, MNK SkuB, and BK may represent persistent use of 
a locality by hominids over a relatively long period of time: 
It is probable at individual localities that the massive beds 
containing the archaeological materials accumulated from re-
peated deposition of thin layers of sediments after which a vari-
ety of natural processes obliterated the bedding structures 
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(Kaufulu, 1983)....The period of use of a particular location by 
hominids might have been governed by dynamic microtopo-
graphic and vegetational features that were attractive for per-
haps several decades or the lifespan of a good shade tree" (KroB 
1994:133-134). 
Analysis of the spatial patterning of the Olduvai site faunal assem-
blages is not possible given the lack of horizontal control of provenance, but 
bone densities can be examined using vertical provenance, or level of origin. 
In order to address the patterning of bone densities at the Olduvai sites I 
have employed a series of manipulations introduced by Potts (1982,1988) for 
assigning a minimum number of land surfaces to thick, massively bedded 
deposits, and in turn for deriving areal bone densities for thick deposits. 
Potts (1988) very persuasively argues that the bone densities at the 
living site horizons (he discusses FLK N Level 6, FLK NN Level 3, FLK 
"Zinj", and DK Level 3) are markedly different from densities at horizons not 
characterized as archaeological, putting to rest the contention that high bone 
densities are the norm for lake margin environments. He states (1988:47-48): 
A larger sample of stratigraphic levels from the Bed I lake mar-
gin fades was excavated at FLK. This excavation sampled 
almost all of Bed I above Tuff LB. Out of the 21 horizons encoun-
tered, the majority (12) preserved no fossils or artifacts, al-
though the sediments (day, silt, and tuff) were very similar to 
those in Bed I which did contain sizable bone and artifact as-
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semblages. These sterile horizons induded some that were 
equivalent to the archeological levels at FLK North, less than 
100 m away. Another seven levels contained only a very few 
artifacts (3 levels with none, 1 level with the highest frequency 
of 10) and a few animal bones...Only two horizons—FLK-13 (61 
cm thick) and 15 (30 cm thick)—contained a variety of animal 
bones...On the basis of this vertical sampling of the FLK strata, 
the lake margin zone in Bed I apparently was typified by low 
degrees of bone and artifact concentration, in their characteris-
tics not unlike the more recent landscape assemblages.... 
Potts (1982,1988) notes that the single palaeosol surfaces of DK Level 
3, FLK NN Level 3, and FLK "Zinj" (Level 22) were all 9 cm in thickness. 
Given this and the maximum thickness of the largest bones, he argues (in 
footnotes only) for estimating 9 cm as a reasonable thickness for any buried 
surface assemblage. For horizons having greater depth than 9 cm, Potts then 
figured "Total Surfaces," estimated by dividing total depth by S cm. Hence, 
the 68 cm thick DK Level 2 horizon is estimated to represent a total of 7.56 
surfaces. The total number of specimens (whether faunal or lithic) can then 
be divided among these surfaces for an estimation of average area! density. 
This method, while sHghtly convoluted, nevertheless is a tenable route for 
comparing the archaeological assemblages to actualist!caHy-derived bone 
densities. 
Table 8.2 compares the combined crocodHe and Pelusios and the larger 
mammal bone densities for the Olduvai sites being discussed here. A paired 
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t-test across aH sites shows no significant difference between the mammalian 
and reptile area! bone densities (t = 0.372, df = 8, p = 0.72). In general, one 
can see that reptile bone densities are highest in Bed I and decrease over 
time relative to the mammals. Clearly, this is related to environmental 
changes that brought about the end of the lake by upper Bed II times. 
The data from the Lake Turkana attritional assemblages support this 
interpretation. Bone specimen densities in the survey areas ranged from 0 to 
0.0363 bones/m2 with an average density of 0.0048 bones/m2. CrocodHe and 
turtle remains were not common in other Olduvai horizons either, with only 
minimal numbers of specimens coming from other artifact or occupation sites, 
or even from nonartifact horizons. For example, the lake margin site FLK N 
Level 6, in Bed I, contains no crocodHe or turtle remains. The Bed II stream-
channel sites TK, CK, and Elephant K have no crocodHe or turtle specimens 
either (in contrast with BK). Others, such as SHK West, have very Httle 
material (9 crocodile teeth, 1 abraded Pelusios peripheral fragment, and 1 
xiphiplastron fragment) that appears to have derived from the landscape or 
was reworked by stream action. 
The only other archaeological site containing a notable amount of 
crocodile and/or turtle remains is an FLK horizon, the "Ostrich" horizon, 
which contained a nearly complete ostrich and crocodile skeleton as well as 
artifacts. This horizon was a slumped block and its stratigraphic origin was 
never positively identified although it is believed to be from Bed I (M. D. 
Leakey, pers. comm. Sept. 1992). Examination of the crocodile showed it to 
be in very early weathering stages (W.S. 0-1), but with a few specimens show-
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ing severe dissolution and pitting, presumably by gastric acids. Crush flakes, 
puncturing, pitting, and furrowing gnawing damage was also present. No 
cutmarks were found on any specimens. This site has received very Httle 
attention because of its uncertain provenance, and information on the artifact 
assemblage is not avaHable in the Hterature. 
In sum then, the bone densities at these particular Olduvai archaeo-
logical sites are characterized by reptile bone densities atypical of other 
Olduvai archaeological sites and of modem lake margin environments. Re-
jection, however, of the nuU hypothesis that the remains are derived from 
attritional processes only requires additional evidence, such as that from 
bone weathering profiles. 
Weathering 
The weathering profiles for the crocodHes and aquatic turtles are 
variable across and within levels of the Olduvai sites examined here (Fig 8.2a 
&b). As in the previous chapters, percent NISP in each weathering stage is 
used to construct the profiles. The FLK NN Levels 1 through 3 each show a 
very different pattern (Fig. 8.2a; Table 8.3). Level 1 shows a bimodal distri-
bution, with specimens in W.S. 0 and 3 dominating. The Level 2 profile 
shows specimens in W.S. 0 and 1, none in W.S. 2 or 3, and then a small per-
centage in W.S. 5. These two patterns indicate some type of break occurred in 
the deposition of bone. In contrast, the Level 3 materials show what I caH a 
"cycHng" pattern, unimodal but not symmetrical, with increasingly more 
specimens in each weathering stages starting from W.S. 0 and ending with 
very few specimens in W.S. 3. This pattern suggests that bone deposition was 
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(a) CrocodHe and Turtle Weathering Profiles 
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Figure 8.2a-c a) Weathering profiles of aquatic reptiles for FLK NN and FLK 
"Zinj;" b) Weathering profiles of aquatic reptiles for DK, BK, and MNK Skull; 
c) Weathring profiles for mammals from selected Bed I Olduvai Gorge sites 
(data from Potts 1988). Specimens with indeterminate weathering (indet.) 
consist primarily of Crocodylus teeth, but include other specimens without 
clearly visible surfaces (i.e., encrusted). 
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initially very low, then increased significantly and remained steady for the 
period up to final burial. The FLK "Zinj" material is very similar to that from 
FLK NN Level 1, with a distribution of bones dominated by W.S. 0 and 2 
(Figure 8.2a). This type of distribution indicates that bone input probably 
occurred cyclically, perhaps relating to changes in lake levels and therefore to 
changes in the distance of the site from the lake margin. 
At DK, all levels show a general "cycling" pattern (Figure 8.2b), but DK 
Level 1 shows an overall dominance of specimens in W.S. 1, predominately 
Pelusios, with just a few specimens in stages 0, 2, and 3. DK Level 2 and 3 
each have more even distributions, again with W.S. 1 as the modal stage. At 
DK level 2, neither taxon dominates the modal stage, while at DK Level 3, 
crocodiles greatly outweigh Pelusios in W.S. 1. Overall, DK differs signifi-
cantly from FLK NN in that W.S. 3 is better represented. 
The MNK Skull assemblage is also a "cycling" profile (Figure 8.2b), but 
differs from DK in that W.S. 2 dominates. There are also far more specimens 
in W.S. 3 here than at any other site, but again the rather great percentage of 
specimens in W.S. 2 compared to the other stages suggests that the assem-
blage was formed primarily from a single event. This profile indicates that 
the interval between bone input and burial was longer than at DK or FLK 
NN. 
The weathering of mammalian remains from some of these sites was 
examined by Potts (1988). Potts' (1988:50) analysis differed from mine in 
that he included only "major long bone pieces possessing at least a partial 
diaphysis and an articular end," proposing that small elements and small 
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fragments are buried sooner and therefore inadequately represent the weath-
ering profile of an assemblage, and that basing the analysis on only one 
category of element allows for greater consistency in the description of weath-
ering characteristics. Nevertheless, since no actualistic research has been 
offered to strengthen his argument, I feel it reasonable to use the entire 
crocodile/turtle assemblage for my analysis, particularly since any element of 
the turtle Pelusios is clearly under the size range Potts would have used in 
his study, and therefore would have to be excluded from the analysis if follow-
ing his methodology. Even with these differences in sample definition, I feel 
it is appropriate to compare the mammalian weathering profiles from Potts' 
work to those of the crocodiles and turtles from the same archaeological sites. 
Figure 8.3c illustrates mammalian weathering profiles for those sites 
Potts included in his analysis (1988:53, Table 3.6) as compared to the aquatic 
reptiles for those same sites, plus others covered here. The most obvious 
difference between the mammalian and reptilian profiles is the paucity of 
reptile specimens in the more advanced weathering stages that are quite 
well-represented by the mammals. Instead, the reptiles show dominance in 
the earlier weathering stages. Only at BK and MNK Skull, both Bed II sites, 
do the reptile profiles approach the mammalian ones in numbers of more 
weathered specimens. Additionally, none of the mammal profiles shows any 
hiatus, or apparent hiatus in bone input, such as is seen for the reptiles at 
both FLK NN Level 1 and FLK "Zinj." Both Behrensmeyer (1978) and Gif-
ford (1977) have stated that, as indicated from unsystematic field observa-
tions, reptilian bone appears to weather more rapidly than mammalian bone. 
If this is correct, it may account for the dearth of highly weathered reptile 
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specimens. An alternate argument can be made that this pattern indicates 
the reptile remains entered the site later, while the lake waters transgressed 
over the site. However, since at no site does the profile consist solely of un-
weathered specimens I discount this possibility, and also, from the accounts 
of the sites by M. D. Leakey (1971) the aquatic reptile and mammal remains 
appear to be mixed together such that neither appears too overlie the other 
as might occur if the site had been inundated and the aquatic reptiles added 
subsequent to flooding. Also, since Potts included only larger specimens in 
his analysis, the difference between the two sets of profiles may actually 
relate to size-specific differential weathering. 
A comparison of the Olduvai reptile weathering profiles to those from 
the attritional (Fig. 5.3) and the short-term human occupation sites (Fig. 7.6) 
at Lake Turkana is informative. These actualistic assemblages now can 
provide clues to the depositional history of the Olduvai materials. The attri-
tional assemblages, for the most part, represent "time-averaged" assem-
blages, with individual specimens and carcasses added and removed from the 
surface over a period of probably not more than 15 years (a few of these as-
semblages, in particular that from Area 7, are clearly more recent). All of the 
attritional specimens were observed on the surface. The human short-term 
occupation sites represent very recent assemblages deposited in a short time; 
the ER20 specimens were excavated, but all the other assemblages were 
found on the surface. Among these short term occupation assemblages, the 
Site 4 profile appears the most like Behrensmeyer's (1978) attritional assem-
blage weathering profiles (Fig. 5.2), except for the very low representation of 
W.S. 0 (indicating that recent input was low or nil). This attritional-like 
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profile is the result of the assemblage having been observed long after the 
period of occupation. Note, however, the abrupt dip in representation be-
tween stages 2 and 3 in the Site 4 profile—this indicates that the original 
input period was brief, rather than protracted as for true attritional assem-
blages. 
From these actualistic profiles we can see that the FLK NN Level 1, 
FLK NN Level 2, but not FLK NN Level 3 were probably buried not long 
after the bones were deposited on the surface. FLK NN Level 3 has a profile 
remarkably similar to that of Site 4, indicating that the materials lay exposed 
for some longer period of time. All of the DK assemblages appear to have lain 
exposed to the air also, but with more continuous input into DK Level 2 as 
compared to the other levels. The MNK Skull site assemblage, with its domi-
nance of W.S. 2 specimens and negatively skewed appearance, indicates that 
the assemblage was exposed for a long time prior to burial and that the input 
period was brief. BK, in contrast, shares with DK Level 2 the appearance of 
having formed through continuous, long-term input. Both of these assem-
blages are most likely attritional. Based on the evidence of high bone densi-
ties and noncontinuous, bimodal or strongly unimodal weathering profiles, 
none of the Bed I and II Olduvai sites examined here, except BK and DK 
Level 2, meet expectations for attritional accumulations. If the aquatic rep-
tile remains represented bones deposited prior to hominid activities, we 
would expect the remains to resemble the uniform distributions expected of 
attritional assemblages. Likewise, we can also reject the notion that the 
reptiles derive from a period after hominid use of the site, in particular that 
they were deposited when the lake level rose and buried the site, since the 
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reptile weathering profiles of these same sites all show multiple weathering 
stages, indicating some degree of subaerial exposure, and even suggest mul-
tiple periods of deposition, rather than continuous, attritional-like deposition 
of bone. 
Breakage and Surficial Damage 
Certain Olduvai archaeological bone assemblages, in particular that 
from FLK "Zinj" are characterized by a very heavy degree of bone fragmenta-
tion. The nature of bone damage, such as fracture patterns, the presence of 
hammers tone-related damage, and cutmarking, has received a great deal of 
attention in the quest for the identity of the primary taphonomic agents 
responsible for these assemblages (Binford 1981; Bunn 1989; Bunn and Kroll 
1986; Potts and Shipman 1981, Potts 1982,1988; Shipman 1986; Oliver 
1994). The relative amounts of carnivore toothmarking to cutmarking and 
hammers tone fracturing seen in a bone assemblage is commonly considered 
to indicate who or what was the primary accumulator of the remains (Potts 
1988; Oliver 1994). For instance, from his examination of the FLK "Zinj" 
large mammal limb bone fragments, Oliver (1994:291) concludes that: 
...early Homo was responsible for the accumulation and modifi-
cation of at least 75% of the FLK Zinjanthropus fossil limb 
assemblage...Carnivore damage on approximately 54% of the 
MNE substantiates the conclusion of Binford (1981), Potts 
(1982,1988) and Biumenschine & Marean (1993) that carni-
vores played a substantial role in the modification of the assem-
blage. 
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In the case of reptiles, the probability of bone breakage by hominids de-
creases because of this group's small medullary cavities and their lesser 
nutritional value with respect to within-bone tissue, such as marrow. In the 
assemblages of Sites 1-4, some fracturing was described, but for the most 
part elements were whole (Table 7.8). 
Fracturing of crocodile elements was seen in the Lake Turkana carcass 
sample and included one spirally fractured tibia (Plate 6.5) and one trans-
versely fractured femur (Plate 6.6). Turtle shell elements were frequently 
fractured as well. In a few instances, fracturing appeared to be the result of 
trampling, usually indicated by clear hoofprints in the surrounding sedi-
ments as well as bone that had been pushed down into the mud or even into 
the prints. Fracturing was rare in the modern attritional and the Koobi Fora 
Hyaena Den 1 assemblages. In the modern occupation site assemblages, 
fracturing was fairly common, and for both taxa was found to involve the 
cranium and axial skeleton (including turtle shell) more often than the ap-
pendicular skeleton. A different pattern was seen in the attritional crocodile 
assemblages, in that fracturing of axial parts was less common than fractur-
ing of appendicular parts. The frequency of fractured specimens was highest 
overall in the Olduvai assemblages, even higher than the level fracturing 
seen in the modern excavated samples (KFHDl and ER20), ranging from 
0.20% to 92.77% for Crocodylus (Table 8.4a), and from 25 to 69.71% NISP for 
Pelusios (Table 8.4b). The pattern across parts in the Olduvai Crocodylus 
mirrored the modern occupation sites, although it was more extensive. The 
Pelusios specimens showed nearly equal amounts of breakage between the 
cranial, axial, and appendicular skeletons, unlike either the attritional or 
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Site 
D K L . 3 
D K L . 2 
D K L . 1 
BK 
MNK Skull 
Overal l 
c r an ia l 
100.00 
100.00 
N/A 
100.00 
N/A 
100.00 
axial 
89.83 
86.96 
100.00 
100.00 
N/A 
94.20 
append . 
57.14 
69.33 
0.00 
50.00 
25.00 
40.30 
Total % 
F r a c t u r e d 
80.00 
82.63 
90.91 
70.00 
25.00 
69.71 
Table 8.4a. Olduvai assemblages percent NISP of crocodile specimens frac-
tured. 'Total % Fractured" is based on overall NISP for the taxon, with teeth 
and scutes excluded. N/A (not applicable) indicates the skeletal category was 
not represented at the site. 
Total % 
Site 
D K L . 3 
D K L . 2 
D K L . 1 
F L K N N L . 3 
F L K N N L . 2 
F L K N N L . 1 
FLK "Zinj" 
BK 
MNK Skull 
Overall 
c r an ia l 
N/A 
N/A 
N/A 
100.00 
0.00 
50.00 
N/A 
N/A 
N/A 
50.00 
axial 
60.00 
0.00 
50.00 
70.93 
100.00 
76.92 
N/A 
N/A 
0.00 
59.57 
append . 
88.89 
0.00 
88.89 
87.10 
100.00 
73.68 
N/A 
0.00 
0.00 
58.28 
shell 
59.60 
0.00 
84.48 
76.51 
88.89 
95.83 
77.8 
66.67 
98.72 
84.13 
F r a c t u r e d 
59.32 
0.20 
84.06 
76.42 
69.23 
84.69 
77.8 
62.86 
92.77 
78.26 
Table 8.4b. Olduvai assemblages percent NISP of turtle specimens fractured. 
"Total % Fractured" is based on overall NISP for the taxon. N/A (not appli-
cable) indicates the skeletal category was not represented at the site. 
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occupation assemblages. Fracturing of shell parts, however, dominated. 
Site by site, the high degree of breakage in the Olduvai assemblages 
produced small mean specimen lengths for both taxa (Table 8.5). The overall 
Olduvai mean specimen length of 3.78 cm is small also compared to 12.46 cm 
for the modern surface surveyed occupation sites and 6.70 cm for the attri-
tional assemblage, but is nearly identical to the 3.81 cm mean for the ER20 
excavated assemblage, further highlighting the bias stemming from having 
observed surface assemblages. The representation of element portions was 
heavily skewed toward fragments as Tables 8.6 and 8.7 indicate. Large 
elements, such as Crocodylus longbones, are found in all categories. In most 
cases, the "whole element" category was dominated by small elements, for 
Crocodylus this included claws, phalanges, scutes, teeth, and caudal verte-
brae, but for the smaller-bodied Pelusios this category included a wider cross-
section of elements, with appendicular and shell elements both well-repre-
sented. The only modern assemblages exhibiting this high degree of frag-
mentation are the Koobi Fora Hyaena Den 1 (46% NISP <25% whole) and 
ER20 (48% NISP <25% whole). Both of these assemblages were excavated 
and so recovery of small fragments that had migrated under the surface was 
high. 
Relative to specimen sizes, comparisons of Crocodylus and turtle re-
mains among the different sites would not produce meaningful results, since 
the overall body size difference between the two taxa should produce differ-
ences in mean specimen lengths. However, comparisons of the two taxa 
within a site, and comparisons of each taxa separately across multiple sites, 
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Length (cm) 
Site Taxon ™*™ max mean S.D. med. NISP MNI 
DKL.3 
DKL.2 
DKL.1 
Crocodylus 0.94 
C. no teeth/scutes 0.94 
Pelusios 
Overall 
Crocodylus 
C. no teeth/scutes 
Pelusios 
Overall 
Crocodylus 
0.56 
0.56 
1.10 
1.10 
0.56 
0.56 
2.50 
C. no teeth/scutes 2.83 
Pelusios 
Overall 
1.57 
1.57 
17.40 
17.40 
9.74 
17.40 
29.00 
29.00 
16.5 
29.00 
7.90 
7.90 
9.28 
9.28 
3.62 
5.54 
3.52 
3.60 
4.70 
5.21 
4.48 
4.55 
3.06 
5.30 
4.47 
3.13 
1.51 
2.531 
1.47 
1.50 
2.00 
3.300 
1.68 
1.95 
0.55 
1.59 
1.77 
0.73 
3.43 
3.43 
3.38 
3.43 
3.85 
3.85 
4.30 
3.85 
3.50 
3.50 
4.36 
3.50 
782 
143 
171 
953 
2,489 
302 
495 
2,984 
1,330 
16 
69 
1,399 
2 
5 
7 
4 
11 
15 
1 
2 
3 
FLKNNL.3 Pelusios 0.90 25.00 5.23 5.00 3.45 1,476 10 
FLK NNL. 2 Pelusios 1.52 6.96 2.74 1.55 1.59 26 1 
FLK NN L. 1 Pelusios 0.95 6.45 2.19 1.06 1.54 98 4 
FLK "Zinj" 
BK 
MNK Skull 
Pelusios 
Crocodylus 
C. no teeth/scutes 
Pelusios 
Overall 
Crocodylus 
C. no teeth/scutes 
Peluisos 
Overall 
1.10 
0.97 
2.00 
2.53 
0.97 
0.70 
2.30 
1.08 
0.77 
8.12 
60.00 
60.00 
13.57 
60.0 
4.08 
4.08 
6.56 
6.56 
4.15 
5.76 
12.43 
5.78 
5.77 
2.07 
2.90 
3.09 
2.66 
2.67 
10.46 
15.30 
2.75 
7.73 
0.94 
0.80 
1.39 
1.30 
2.45 
2.04 
2.04 
5.08 
3.99 
2.21 
2.05 
2.93 
2.54 
54 
38 
14 
35 
73 
12 
4 
83 
95 
1 
1 
1 
2 
1 
1 
2 
Table 8.5. Descriptive statistics for Olduvai assemblages specimen lengths. 
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can suggest taxon-specific attritional processes. Unequal mean lengths 
between taxa within a site are expected because of the overall larger body 
size of crocodiles compared to Pelusios. Equal mean specimen lengths be-
tween taxa within a site indicates a) that both were exposed to heavy frag-
mentation (if mean length is small), or b) that Crocodylus was exposed to 
relatively heavier fragmentation. A multiple factor analysis of variance of 
the Olduvai mean specimen lengths by site and taxon shows greater variance 
within sites between Crocodylus and Pelusios components of the Olduvai 
sites than found in the modern occupation sites (Table 8.8; see Fig. 8.3 for 
boxplots representing the lengths of Crocodylus versus Pelusios specimens 
broken down by site). Crocodylus and Pelusios are both present only at DK 
Levels 1-3, BK, and MNK Skull, and so only these sites are being compared 
here (Crocodylus teeth have been excluded from this analysis). Pairwise 
comparisons were made in order to highlight which assemblages have un-
equal means (using the Bonferroni adjustment for multiple comparisons). In 
the DK Level 3, DK Level 2, and BK assemblages, the Crocodylus mean 
length is significantly larger than that for Pelusios--in the modern occupation 
sites this within-site difference was found only at Site 1. Among sites, with 
respect to Crocodylus remains, the BK sample sorts out as significantly 
larger than that of any other site; and for Pelusios, BK again sorts out differ-
ent, but this time only from the DK Level 3 sample (BK mean is larger). 
In order to compare Pelusios mean specimen lengths among all sites, a 
one-way analysis of variance was performed and indicated significant differ-
ences among the Pelusios assemblages of the different sites (F-Ratio = 1.57, 
df = 8, p = 0.000). Pairwise comparisons were made using the Bonferroni 
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Multiple Factor Analysis of Variance 
Source S o f S df F-Ratio p 
Site 797.56 4 26.02 0.000 
Taxon 187.76 1 24.50 0.000 
Site * Taxon 399.71 4 13.04 0.000 
Note: Crocodylus teeth have been excluded from this analysis. 
Table 8.8. Multiple factor analysis of variance of maximum specimen 
length by site and taxon. 
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adjustment. FLK NN Level 1, with the smallest mean length, differed sig-
nificantly from DK Levels 1 and 2, and from BK and FLK NN Level 3 (the 
latter two with relatively large means), and between FLK NN Level 3 (large 
mean) and DK Levels 2 and 3. 
The former analysis indicates that at DK Level 1 and MNK Skull, the 
Crocodylus remains are statistically equal to the Pelusios remains in mean 
length. A closer examination of the Crocodylus element representation at 
these sites shows DK Level 1 to have only smaller Crocodylus elements 
present, such as vertebrae (fragments), ribs, chevrons, scutes and a phalanx, 
and MNK Skull to have two metapodial fragments and two small longbone 
fragments. The other sites, those with Crocodylus mean lengths that differed 
from the Pelusios mean lengths, have more complete element representation, 
and overall greater representation of both larger elements and more complete 
elements. Both of these sites, DK Level 1 and MNK Skull, have greater 
numbers of abraded/rounded specimens than most of the other sites and both 
are dominated by small elements or small fragments of larger elements. 
These factors strongly suggest that the DK Level 1 and MNK Skull Crocody-
lus assemblages derive some part of their aquatic reptile component from 
reworked material. Clearly at MNK Skull, a channel site, the addition of 
material from stream action is not unexpected. At DK, however, only sheet-
wash has been implicated in the formation of the site, so the abraded materi-
als may have been reworked in the site sediments or have been moved a 
considerable distance over land. 
No cutmarks were found on any of the aquatic reptile materials from 
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Olduvai. Toothmarking, however, was present and found on both Crocodylus 
and Pelusios (Table 8.9a & b). For Crocodylus the % NISP gnawed ranged 
from 10% to 22.86% (grand mean 18.43%), and for Pelusios, the values 
ranged from 0 to 9.28% NISP (grand mean 2.58%). Both of these overall 
means are less than those for the occupation sites, the attritional assem-
blages and the Koobi Fora Hyaena Den 1 (C. niloticus only), although not 
significantly so. Combining both taxa together into one sample per site, and 
leaving out the Elmolo Village (because of the known influence of domestic 
dogs in the greater representation of toothmarked specimens), a one-way 
analysis of variance detects significant inequality between the mean % NISP 
gnawed value for the attritional assemblage versus the other two contexts 
(Olduvai and modern occupation) using the Bonferroni adjustment for mul-
tiple comparisons (F-ratio= 3.51, df=2, p = 0.05). 
Gastric polish and/or pitting of specimens was seen in the DK Levels 2 
and 3 and MNK Skull assemblages, all affecting Crocodylus. This type of 
damage was found in the Koobi Fora Hyaena Den 1 crocodiles and is identi-
fied as dissolution of the outer cancellous tissue, fine rounding and thinning 
of edges, and is frequently associated with hairs embedded in the cancellous 
tissue. The bones affected in the DK Level 2 assemblage include carpals, a 
calcaneus, a phalange, dorsal and cervical vertebrae, and one scute. In the 
DK Level 3 assemblage the group consisted of three phalanges, and at MNK 
Skull, one femur fragment. The higher average % NISP gnawed for Crocody-
lus is related to larger body size. A small animal such as a turtle leaves very 
little behind after having been ravaged by a carnivore. The Lake Turkana 
turtle carcasses consisted mostly of shell parts and the scapula-coracoid—a 
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Total % 
Site cranial axial append. Gnawed 
D K L . 3 
D K L . 2 
D K L . 1 
BK 
MNK Skull 
Overall 
0.00 
0.00 
N/A 
0.00 
N/A 
0.00 
27.12 
14.49 
20.00 
50.00 
N/A 
27.90 
22.86 
24.00 
0.00 
0.00 
25.00 
14.37 
22.86 
16.10 
18.18 
10.00 
25.00 
18.43 
Table 8.9a. Olduvai assemblages percent NISP for crocodiles gnawed. "Total 
% Gnawed" is based on overall NISP for the taxon. N/A (not applicable) 
indicates that skeletal part category not present in the assemblage. 
Total % 
Site cranial axial append, shell Gnawed 
D K L . 3 
D K L . 2 
D K L . 1 
F L K N N L . 3 
F L K N N L . 2 
F L K N N L . 1 
FLK'Zinj ' 
BK 
MNK Skull 
Overall 
N/A 
N/A 
N/A 
0.00 
0.00 
0.00 
0.00 
N/A 
N/A 
0.00 
0.00 
5.41 
0.00 
3.49 
0.00 
11.54 
0.00 
N/A 
0.00 
2.55 
22.22 
10.53 
33.33 
35.48 
0.00 
31.58 
0.00 
50.00 
66.67 
27.76 
0.66 
0.00 
0.00 
0.44 
0.00 
0.00 
0.00 
6.06 
0.00 
0.80 
1.76 
1.22 
4.35 
1.36 
0.00 
9.28 
0.00 
2.86 
2.41 
2.58 
Table 8.9b. Olduvai assemblages percent NISP for turtles gnawed. "Total 
% Gnawed" is based on overall NISP for the taxon. N/A (not applicable) 
indicates that skeletal part category not present in the assemblage. 
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pointy tripartite element that is fairly robust in larger Trionyx. The higher 
proportion of gnawing damage to turtle remains in the occupation site assem-
blages indicates that carnivores are attracted to them even after they have 
been discarded by humans, but in this case probably inflict less damage to 
the bones than when not stripped of meat. The Olduvai Pelusios samples do 
not therefore indicate that carnivores played the primary role in their accu-
mulation, although their scavenging activities probably played a role. Rela-
tive to the Crocodylus remains, carnivores clearly were active at some level in 
the lake margin zone and either preyed upon or scavenged crocodile car-
casses. 
Evidence of hydraulic movement of the Olduvai specimens was not 
common. At most sites being considered here, a variety of specimen shapes 
and sizes were observed, with very small Pelusios shells, Crocodylus teeth, 
and large elements such as Crocodylus dorsal vertebrae and longbones occur-
ring together. A very few abraded and/or rounded specimens were observed, 
however, with the greatest number occurring in the BK assemblage. Table 
8.10 lists the percent NISP showing abrasion or rounding, crocodile teeth 
again have been excluded from the NISP values. This site represents a chan-
nel-fill, and a number of the stone tools found there also were rounded, al-
though not to a great degree-just enough to indicate that the site may have 
been transported a short distance down a channel bar (M. D. Leakey 1971). 
The high percent abraded value for Crocodylus at MNK Skull is no doubt an 
artifact of the small NISP (N = 4). t-tests were performed for each site in 
order to determine whether or not the mean length of abraded/rounded speci-
mens was different from that of normal specimens. Although BK has the 
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Site 
D K L . 3 
Crocodylus 
Pelusios 
D K L . 2 
Crocodylus 
Pelusios 
D K L . 1 
Crocodylus 
Pelusios 
F L K N N L . 3 
Pelusios 
F L K N N L . 2 
Pelusios 
F L K N N L . 1 
Pelusios 
FLK "Zinj" 
Pelusios 
BK 
Crocodylus 
Pelusios 
MNK Skull 
Crocodylus 
Pelusios 
NISP 
rounded/ 
a b r a d e d 
9 
18 
21 
26 
1 
2 
7 
0 
4 
2 
3 
1 
4 
NISP 
143 
171 
302 
495 
16 
69 
1,476 
26 
98 
54 
14 
35 
4 
83 
% N I S P 
6.29 
10.53 
6.95 
5.25 
6.2 
2.90 
0.47 
0.00 
4.08 
0.00 
14.29 
8.57 
25.00 
4.82 
Table 8.10. List of NISP with abrasion or rounding indicative of exposure to 
moving water. Crocodylus teeth have been omitted. NISP and % NISP 
values are taxon-specific. 
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greatest percent abraded, there was not a significant difference in size be-
tween damaged and undamaged specimens. Significant differences in mean 
lengths were found for DK Level 3 (separate variance t = -2.13, df = 41.3, p = 
0.04) and for DK Level 1 (separate variance t = - 3.21, df = 6.5, p = 0.02). 
Fine-grained sediments characterize DK, but are marked with small pebbles 
throughout the entire deposit (M. D. Leakey 1971). This feature has been 
inferred as indicating that some level of hydraulic activity affected site forma-
tion, probably sheetwash, although it must have been fairly low energy to 
have not created significant size sorting among the bone specimens present. 
Skeletal Par t Profiles 
Skeletal part profiles were constructed for each taxon at each Olduvai 
site (Figures 8.4-8.8). The measure "Percent MNI" is used, with each bar 
indicating the percentage of the MNI (or percent of individuals) that is repre-
sented by the skeletal part indicated. The DK Levels 2 and 3 Crocodylus 
profiles (Figures 8.4 and 8.5) resemble each other significantly in the relative 
representation of parts, except for differences in the representation of the 
cranium and jaw. At DK Level 3, the cranium is best represented, and fol-
lowed by the dorsal axial segment, then the scapula-coracoid, foreleg, and 
hindleg are tied at 50% MNI. At DK Level 2, representation of all parts is 
poorer, with the hindleg best represented, followed by the foreleg, the dorsal 
axial, then the cranium, and finally, the scapula-coracoid—almost a reversal 
of the DK Level 3 profile. At DK Level 3 thoracic ribs are fairly well repre-
sented at just over 40% MNI, followed by the pelvis, the manus-pes, scute, 
cervical axial segment, and lastly the caudal axial segment. The thoracic rib 
portion is not as well represented at DK Level 2, with the pelvis and ribs 
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changing places in the rankings (compared to DK Level 3), but preceded by 
the manus-pes. The cervical axial segment, the scutes and the caudal axial 
segment bring are all poorly represented. 
At DK Level 1, other than a very small presence of the manus-pes, the 
remains are primarily axial, with scutes being the best represented portion. 
The thoracic ribs, dorsal axial, cervical axial, and caudal axial segments are 
all found with very low % MNI values. At BK (Figure 8.5), many portions are 
missing outright, with the scapula-coracoid and jaw present at over 40% 
MNI. The hindleg is present at 20% MNI, and followed by minimal represen-
tations of the thoracic ribs, the cervical axial segment, manus-pes, and 
scutes, the latter three all found at less than 5% MNI. The MNK skeletal 
profile (Figure 8.5) is the most incomplete, represented by only a hindleg 
portion (one longbone fragment was included in this category with a femur 
fragment for this exercise), and a single phalanx represents the 1% MNI 
value for the manus-pes. 
The statistical independence of the Olduvai and actualistic skeletal 
part profiles was investigated using Kendall's tau (Table 8.11). To reiterate, 
this procedure assumes that the profiles, or more precisely, the processes 
creating the rankings of skeletal parts in the profiles, are independent be-
tween the different sites compared. Significantly correlated profiles (rank-
ings) suggest that the different body parts were "ranked" similarly by pro-
cesses acting to preserve them, whether they be burial processes accumulat-
ing the specimens, or dispersal processes deleting specimens from the record, 
or both. DK Level 3 and DK Level 2 correlate well at x = 0.5874 (p = 0.009). 
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DK Level 3 shows statistical independence from DK Level 1 with a x of -
0.2566 (p = 0.3) and DK Level 2 shows a high negative correlation with DK 1. 
1 (x = - 0.5413, p = 0.014). Both BK and MNK Skull show statistical indepen-
dence from each other and from all the other Olduvai Crocodylus profiles. 
Comparisons to the actualistic profiles show high correlations between the 
DK Levels 2 and 3 profiles and the surface short-term occupation, ER20, and 
attritional profiles, but not with the Koobi Fora Hyaena Den 1 or crocodile 
carcasses profiles. 
As with the comparisons of the modern assemblages in Chapter Seven, 
I interpret the similarities in crocodile skeletal part profiles here as relating 
to the origination of the assemblages from whole carcasses rather than from 
disarticulated parts. Even though the attritional assemblage and the modern 
occupation sites are significantly correlated, the attritional assemblage has 
very low representation of the axial skeleton (except for the cranium). This is 
not what is expected for kill-sites and it is not the case for the carcasses 
which are dominated by the axial skeleton. Among the Olduvai sites, DK 
Levels 3 and 2 have far better axial representation than the other sites. 
None of the assemblages investigated here have over 10% MNI represented 
by caudal vertebrae. This pattern reflects the high nutritive value of this 
crocodilian body part which is very heavily muscled and also contains heavy 
fat layers (Moody and Coreil 1986). Inconsistencies among the skeletal part 
profiles comparisons must be tempered with other lines of evidence, espe-
cially regarding breakage patterns, weathering, and the amount and severity 
of carnivore utilization of the remains as evidenced by toothmarking damage 
or other indications of bone ingestion. 
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Comparing the Pelusios profiles for the Olduvai sites, we see that the 
DK Levels 3 and 2 profiles are again very similar, with DK Level 2 only 
lacking the cranial and cervical parts seen at DK Level 3 (Figure 8.6). The 
pelvis has the highest % MNI value at both sites, followed by the carapace 
and plastron. The scapula and hindleg are switched in the rankings between 
the two sites, but the foreleg at both is least well-represented. The DK Level 
1 Pelusios is vastly different from the other two DK profile, with the limbs 
best represented, followed by the pelvis, and then the carapace, scapula-
coracoid, and lastly the plastron. No crania were found in any of the DK 
assemblages. 
The FLK NN profiles (Figure 8.7) are all quite dissimilar, with FLK 
NN Levels 3 and 1 having the best overall representation of all skeletal parts. 
Level 3 is very similar to DK Levels 3 and 2 in the relative representation of 
the various appendicular parts to the pelvis and scapula-coracoid. FLK NN 
Level 3 differs dramatically from the DK sites and the other FLK NN Levels 
in the high percentage of individuals represented by shell parts, both plas-
tron and carapace. The percent MNI values are based initially on estima-
tions of minimum number of elements. Since when highly fragmented, much 
shell is difficult to reconstruct, these values are probably far underestimated 
compared to any other skeletal parts. The FLK "Zinj" assemblage had only 
shell parts with the carapace dominating. At BK and MNK Skull (Figure 8.8) 
there is very poor representation of most skeletal parts, with many missing 
altogether-both sites have shell and appendicular partes) represented, and 
MNK Skull also has the pelvis represented. 
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Table 8.12 compares the rankings of the profiles for each site using 
Kendall's Tau correlations. DK Levels 3 and 2 profiles are demonstrated to 
not be independent from one another, but each is independent from the DK 
Level 1 profile. The other significant correlations are between the FLK NN 
Level 3 profile and those of DK Levels 3 and 2, and with FLK "Zinj." This 
latter association is surprising, considering the sole representation of shell 
parts at "Zinj." However, "Zinj" also correlates significantly with MNK Skull, 
the actualistic carcasses, and DK Level 3, all of which may be an artifact of 
the high numbers of ties in the assemblage—all but the carapace and plastron 
are tied for the same ranking. 
The surface short-term occupation sites (Sites 1-4) correlate signifi-
cantly with the FLK NN Levels 2 and 1 assemblages, all of which have mod-
erate representation of the limbs, scapula-coracoid, and pelvis, but low repre-
sentation of the shell parts. The DK Levels 3 and 2 assemblages, on the 
other hand, have rather equable representation of all these parts. Interest-
ingly, the ER20 assemblage which was both excavated and characterized by 
small mean specimen lengths, does not correlate well with any other profile, 
perhaps due to the low % MNI values for the limbs and pelvis in this assem-
blage compared to their better showing in the others. 
Examining the null hypothesis that the Olduvai Pelusios remains 
represent natural deaths occurring in the lake margin area, we see that the 
skeletal part profiles for the Olduvai sites, except for FLK "Zinj," do not 
resemble the carcasses described at Lake Turkana. However, neither the 
actualistic sample profile, nor that for "Zinj," or that for any other Olduvai 
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site, resemble, even remotely, a whole turtle (100 % MNI for every category). 
M. D. Leakey (1971) reported that most of the Pelusios materials at FLK NN 
Level 3 was patterned in small clusters (see M. D. Leakey 1971, Fig. 20, 
insert), reminiscent of animals that macerated and disarticulated in place. 
The skeletal part profiles indicate that these carcasses must have been sec-
ondarily deposited or disturbed after they came to rest on that surface. 
Why do the Lake Turkana carcasses and attritional assemblage turtles 
not represent carcasses that just fell to pieces in one spot? These carcasses 
were marked by gnawing damage and were represented only by assorted 
shell parts and a few appendicular elements. Hindlegs and pelves were 
missing, and crania and forelegs were poorly represented suggesting that 
these had been consumed by carnivores. Similarly the attritional assemblage 
was also missing pelves and had low representation of the limbs (but a high 
number of scapula-coracoid). Why these parts are more or less also lacking in 
the ER20 assemblage is a mystery, since recovery of small limb elements 
should have been assured through excavation. It is possible that the men 
who created the ER20 site actually consumed the limbs elements, or perhaps 
destroyed them beyond recognition, although considering the taxonomic 
makeup of the assemblage (fish, crocodiles, turtles), even fragmented turtle 
limb specimens should have been identified as such. It is also possible that 
the bones were discarded away from the site area and therefore were not 
recovered in excavation. The former hypothesis, that the bone were con-
sumed, may be partially correct, since some Dassanetch and Turkana told me 
that when they eat a Pelusios, they frequently bite off the ends of the long 
bones, the same way some people each chicken longbones, to suck out the 
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bone contents. To summarize, the preservation of "whole" turtles appears to 
be a rare occurrence, whether the remains are concentrated in a small spot, 
or having been dispersed over a large area. There appears to be greater 
variation in the Olduvai Pelusios assemblages than in the modern contexts 
combined—possibly as a result of inadequate sampling of modern turtle re-
mains. Turtles were not a common feature of the Lake Turkana assemblages, 
whether because of seasonal factors, over-hunting (possible, although not 
probable), or just because their remains are smaller and therefore less visible. 
CONCLUSION 
The Olduvai assemblages discussed all represent significantly dense 
scatters of reptile bone debris as compared to attritional assemblages in the 
lake margin zone of Lake Turkana, Kenya and to the terrestrial environ-
ments at Amboseli National Park, Kenya (Behrensmeyer 1978). Although 
detailed spatial analysis of each site is not possible, from data regarding the 
volume of sediment removed at each site and the overall dimensions of the 
excavations, it is certain that the reptile assemblage at any of the sites is not 
significantly different from the mammalian assemblage with respect to area! 
density. Patterning exists in the relative densities among the sites from Bed 
I through Bed II times, with aquatic reptiles becoming less common through 
time, clearly related to the tectonic and climatic changes that ultimately led 
to the drying up of Lake Olduvai. Aquatic reptiles are present at many other 
Olduvai sites not considered here, but DK, FLK NN Levels 1-3, FLK "Zinj," 
BK, and MNK Skull represent those sites with the highest overall densities. 
All of the available Olduvai Crocodylus and Pelusios materials were exam-
ined in the course of the museum study, and quantification of this material 
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supports the argument that the above sites are unusual in their preservation 
of these taxa. 
The degree of bone weathering evidenced in each assemblage was 
examined and found to be variable across sites, with a bimodal pattern indi-
cating discrete periods of high bone input at FLK NN Level 1 and FLK "Zinj" 
and sharply unimodal patterns, indicating a sudden onset of bone input 
followed by a dramatic slowing, characterizing DK Levels 1 and 3 and FLK 
NN Level 3. More uniform unimodal patterns, distinctive of the attritional 
assemblages I have described at Lake Turkana, and by Behrensmeyer (1978) 
at Amboseli, were found in the BK, MNK Skull, and DK Level 2 assemblages. 
The more complete weathering profiles of BK and DK Level 2 suggest that 
bone input was slow and continuous—very similar overall to a modern attri-
tional assemblage. A sharp peak at W.S. 2 in the MNK Skull assemblage 
indicates that bene input had previously been faster, but had slowed for some 
time prior to burial of the site. The fact that moderately weathered bone 
exists in all of the assemblages indicates that the aquatic reptiles did not 
accumulate on the site surfaces as the water level rose and covered the sites. 
It is certain, however, that the accumulation of Crocodylus and Pelusios, by 
virtue of their aquatic nature, must have been related in some manner to 
changes in the level of Lake Olduvai, just as the high numbers of Kobus 
(waterbuck) remains in these same assemblages can be attributed to the 
habitat in which the sites are situated. That the remains at these sites are 
solely the result of natural attritional death or accumulation process, how-
ever, should not be assumed, and in fact, is not supported on the basis of 
weathering and bone density evidence. 
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No cutmarking was observed on any of the Crocodylus or Pelusios 
remains from the Olduvai sites, but a very high degree of breakage was 
found, far higher than that observed in the excavated occupation site ER20 
(Gifford 1977). Broken or fractured specimens were not common in the attri-
tional or Koobi Fora Hyaena den, although in the latter case, much fragmen-
tation was clearly attributable to gnawing damage. Those attritional speci-
mens that were broken were more apt to be appendicular than axial (if croco-
dile), just the opposite pattern seen in the occupation site assemblages. The 
representation of whole elements in the Olduvai assemblages was skewed 
toward small crocodile bones, such as scutes, phalanges, and caudal verte-
brae, but not skewed toward any particular part with respect to Pelusios. 
This pattern suggests that the crocodiles were relatively more heavily frag-
mented than Pelusios, and may relate to the distribution of edible tissues on 
a crocodile versus a turtle, the former having large amounts of axial meat, 
and the latter having primarily appendicular tissue. Some evidence for 
hydraulic movement of remains, mainly abrasion and rounding of projecting 
surfaces, was seen in all the assemblages except for FLK NN Level 2 and 
FLK "Zinj." Only at DK Levels 1 and 3 were significant mean lengths ob-
served between abraded and unabraded specimens, with abraded specimens 
significantly smaller, strongly indicating that these specimens may have 
washed into the site via sheetwash. 
Gnawing damage, including tooth punctures, furrowing, crush flakes, 
and gastric polish and pitting was found in the assemblages, more frequently 
affecting Crocodylus than Pelusios. This pattern is expected, since crocodiles 
are on average much larger than freshwater turtles. Ravaging by carnivores 
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of a small-bodied animal leaves little behind, as shown by the small turtle 
carcass sample from Lake Turkana. Because of the carnivore damage, we can 
state that most, if not all, of the Olduvai crocodile and turtle remains must 
have lain on the ground surface, and were not deposited in the water or 
subaquatic sediments immediately after death. This evidence supports the 
weathering data to indicate the subaerial origins of these remains. 
The skeletal part profile data for the Olduvai sites are perhaps the 
most interesting and at the same time, the most confounding. A very high 
level of variability exists in the skeletal part patterning in the two taxa at the 
different sites. Some regularities exist, however, within and between sites. 
For instance, a significant Kendall's Tau correlation was found between the 
DK Levels 2 and 3 Crocodylus and Pelusios samples and between the FLK 
NN Level 3 profile and DK Levels 2 and 3. The Pelusios profile of FLK NN 
Level 3 also correlates with FLK "Zinj," and in turn "Zinj" with MNK Skull, 
although FLK NN Level 3 and MNK Skull appear independent. Comparison 
with the actualistic assemblages suggests that the crocodiles assemblages are 
all most affected by "schlepping" or the removal of parts from the death site. 
My primary concern with skeletal part profiles is the apparent discord 
between the modern and fossil assemblages, each group having its own inter-
nal regularities but not meshing, or correlating in an interpretable manner, 
with the other. I attribute these differences, found mostly in the actualistic 
and fossil turtle profiles, to be the result of unrepresentative sampling of the 
modern contexts. Turtle samples were small at Lake Turkana, perhaps due 
to environmental factors or seasonal fluctuations in the population or the 
375 
availability of nearshore habitats. It is also possible, that without the contri-
butions of purposeful collection or foraging of turtles by humans or carni-
vores, their remains contribute primarily to subaquatic attritional accumula-
tions. If the level of Lake Turkana continues to drop as it has for the last 
twenty years, greater areas of previously inundated land will be exposed and 
can be examined for evidence of subaquatic bone deposition. Further investi-
gations into the taphonomy of turtles is both needed and justifiable on the 
basis of the other findings presented here indicating that the Pelusios assem-
blages at these Olduvai sites are not attributable only to passive attritional 
processes. More data are needed regarding bone weathering in both croco-
diles and turtles, particularly involving accumulations with known durations 
of accumulation and exposure and carcasses with known dates of death and 
durations of exposure. Experiments involving the deterioration of aquatic 
bones in subaquatic conditions are needed as well in order to more reliably 
address weathering patterns of aquatic remains accumulating in lake margin 
contexts. 
Even though a number of the actualistic crocodile skeletal part profiles 
are not statistically independent, they can be differentiated by comparing 
degree of breakage, weathering, carnivore damage, and spatial patterning or 
bone density. The attritional assemblages are widely dispersed, with low 
bone densities, and show very little breakage and a moderate degree of carni-
vore damage. The attritional assemblages show uniform, unimodal weather-
ing profiles as previously described for such landscape samples of bone mate-
rials (Behrensmeyer 1978). The short-term occupation site assemblages, for 
the most part, show less carnivore damage, spatial clustering, and weather-
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ing profiles indicative of a short input period, regardless of the time since 
abandonment, but affected by background material existing prior to site 
formation. 
To summarize the analyses of the Olduvai assemblages, I have shown 
that: 
1) all the Olduvai sites show bone densities higher than ex-
pected for attritional contexts; 
2) all aquatic reptile assemblages show minimal amounts of 
highly weathered bone as compared to the mammals (for those 
sites with previously described mammalian weathering profiles), 
although the effects of various taphonomic and methodological 
differences affecting this comparison require further investiga-
tion; 
3) certain sites, DK Levels 1 and 3, FLK NN Levels 1 and 3, and 
FLK "Zinj," all evidence weathering profiles that do not have the 
appearance of attritional assemblages, whereas DK Level 2, BK, 
and MNK Skull do, to a greater or lesser extent; 
4) breakage and fragmentation of elements was extensive in the 
Olduvai samples, for both taxa, but affecting the axial skeleton 
of Crocodylus more severely than the appendicular skeleton-the 
opposite pattern seen in modern attritional assemblages, but the 
377 
same seen at the occupation sites; the Olduvai Pelusios remains 
were more fragmented than in any of the modern contexts, but 
most similar to the pattern seen in the occupation sites where 
fragmentation of all body parts was moderate; 
5) carnivore damage affected both taxa at nearly all sites (not 
FLK "Zinj"), but at levels lower than found in the attritional 
assemblages, carnivore assemblages, and at kill and death sites 
at Lake Turkana, Kenya, but also lower than found in modern 
short-term occupation sites; and 
6) skeletal part profiles for both taxa show internal consistencies 
for each taxon between different levels within sites and between 
sites, but comparisons to actualistic profiles are not conclusive 
as to origin, with crocodiles showing similar profiles across 
contexts and turtles showing none. 
Based on the above lines of evidence I submit that the Crocodylus and 
Pelusios assemblages from DK Levels 1 and 3, FLK NN Levels 1 and 3 are 
not completely attributable to attritional processes, but bear evidence of 
active accumulation hominids. Even while present, the particularly low 
degree of carnivore damage to the assemblages suggests that the remains 
were not heavily utilized by carnivores—reflecting the level of carnivore dam-
age seen in the modern human occupation sites as opposed to contexts where 
humans were not present or active in the accumulation of the remains. The 
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low level of damage therefore indicates that these aquatic reptile remains 
may have been scavenged or attracted carnivore interest after their utiliza-
tion by hominids. The high bone densities at these sites indicates that the 
sites were located near marshy areas where aquatic reptile population densi-
ties are usually higher due to the favorable microenvironments offered by 
vegetated shallows and where their capture may be easiest for foraging homi-
nids. In the examinations of attritional bone assemblages and carcasses at 
Lake Turkana, Kenya, bone accumulations were densest near such vegetation 
shallows, or marshes as compared to areas marked by beaches. This pattern-
ing suggests that the high bone densities at DK Levels 1 and 3 and FLK NN 
Levels 1 and 3 may indicate their close proximity to such productive marshes. 
The sedimentary contexts of the Bed I sites discussed here are all indicative 
of marshes, but the extensively transgressive nature of palaeolake Olduvai 
make it difficult to determine the actual proximity of each site to the lake 
during the formation period (Hay 1976). The actualistic data suggest, how-
ever, that the low aquatic reptile bone densities at DK Level 2, FLK NN Level 
2, and FLK "Zinj," are the result of these sites being located farther from the 
center of the perennial lake than during the formation periods of the other 
sites. The bone densities at DK Level 1 and 3 and FLK NN Level 1 and 3 are 
much higher than found in the highest density attritional assemblages and 
on this basis are not considered to represent merely "time-averaged" attri-
tional accumulations. The internal consistencies in skeletal part profiles of 
Crocodylus and Pelusios between different levels of the same locality and 
between different localities indicate similar utilization patterns, not simply 
similar patterning due to passive attritional processes (water-transport, 
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weathering), for which there is little evidence. 
Evaluating the aquatic reptiles from these early archaeological sites as 
the result of hominid activities rather than attritional processes of bone 
accumulation requires a reexamination of previously offered interpretations 
of site formation and a discussion of the significance these animals may have 
had for the diet of early Homo. The final chapter of this thesis outlines a new 
interpretation of landuse by early HOMO BASED ON A TETHERED RESOURCES model 
where behavioral responses to seasonally limited resources, specifically water 
and fat, resulted in the intensive use of lake margin habitats and over time 
created the dense accumulations of stone tools and bones that we call "sites." 
Changes in environmental conditions during Middle Bed H times would have 
affected this pattern of resource utilization as the perennial lake dried up and 
Homo was forced to adapt to more open and hotter environments in which 
dry season water and fat resources were more widely and less predictably 
distributed. In addition, suggestions are given for future research programs 
oriented for testing this model. 
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CHAPTER NINE 
A LAKE-MARGIN FORAGING MODEL 
This is not the end. 
It is not even the beginning of the end. 
But it is, perhaps, the end of the beginning. 
—Winston Churchill, 
Mansion House, 10 November 1942 
THE OLDUVAI HOMINIDS 
This examination of the aquatic reptiles from certain Bed I and H 
Olduvai archaeological sites suggests that early hominids were to some ex-
tent active in procuring these animals within the lake margin habitat, creat-
ing dense accumulations of bone uncharacteristic of natural landscape attri-
tional assemblages. These dense accumulations imply repeated use of this 
zone for foraging, and suggest a new model of early hominid subsistence 
behavior as an alternative to previous models such as the home-base model, 
the central-place foraging model, and the stone-cache model (see Chapter Two 
for discussions of these various models). 
Three hominids were present in the Olduvai Basin during the period 
these sites were formed: Australopithecus boisei, present between 2.0 and 1.3 
Mya, Homo habilis, between 2.4 and 1.6 Mya, and later, H. erectus, with its 
first appearance around 1.7 Mya (McHenry 1994). Although early Homo was 
initially credited with the manufacture of the stone tools and the formation of 
the archaeological sites, more recent analyses have shown that Australopith-
ecus had the anatomical capabilities for tool use (Susman 1991,1994). The 
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Oldowan stone tool industry spans Beds I and H, being slowly replaced by 
biface dominated assemblages (Acheulian) beginning in Middle Bed H (M. D. 
Leakey 1971). The Acheulian is widely argued to represent the activities of 
H. erectus rather than A boisei (M. D. Leakey 1975; Harris and Capaldo 
1993), the argument significantly bolstered by the later extinction of the 
australopithecines while stone tools industries continue into later periods. 
This pattern, clearly linking later Homo with stone tool manufacture and use, 
has been the primary contention for associating only the hominines, rather 
than both hominid genera, with the stone tools at earlier sites. In this thesis 
I build on the argument that both the Oldowan and Acheulian stone tool 
industries represent the behavioral and cultural activities of hominines. I 
examine the implications of the distribution of sites throughout Beds I and II 
at Olduvai Gorge relative to the inclusion of aquatic reptiles in the diet of 
early Homo, and the significance that changes in the availability of this 
resource may have had for the evolution of H. erectus. 
In his discussion of the palaeogeography of site distribution in the 
Olduvai Basin, Hay (1976:114) notes a pattern in the environmental settings 
of Oldowan and Acheulian sites: 
The indeterminate sites [meaning those located an unknown 
distance from the shoreline of the lake] are above Tuff HD, 
where a perennial lake, if present, was greatly reduced in size. 
Despite possible errors in paleogeographic assignment, it seems 
highly significant that nine of the ten Acheulian sites are inland, 
and the other is indeterminate, whereas seven of the Oldowan B 
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sites are lake-margin, and the others are indeterminate....The 
correlation between industry and paleogeography is close.... 
If this patterning of Oldowan and Acheulian archaeological sites is borne out 
by the continuing archaeological excavations at Olduvai Gorge (Biumen-
schine and Masao 1991), a number of very interesting questions can be asked 
regarding the subsistence activities of early Homo. First, did early Homo 
populations preferentially concentrate their subsistence activities in areas 
near the lake? Second, did changes in the environment during Middle Bed II 
times, namely the reduction of the size of the lake, place greater adaptive 
stress on the hominid populations there, in terms of reducing the size of 
favorable habitats, the availability of water, and the predictability of faunal 
resources? If so, how did this change affect hominine populations? It has 
been proposed that the limb proportions of early Homo, general body size, 
body width, and morphology of the foot indicate that fully efficient bipedal-
ism, in its modern form, was not possible (Susman and Stem 1982; Johanson 
et al. 1987; Jungers 1990; Spoor et al. 1994; Ruff 1991,1994). Early Homo, 
further restricted by an inability to cope effectively with heat stress, may 
have had a more limited foraging range as compared to H. erectus (Wheeler 
1992, 1993, 1994; Carrier 1994; Ruff and Walker 1993). I propose early Homo 
foraging strategies were confined to lake margin resources, since they would 
have been more predictably located and therefore required less mobility than 
resources in more open habitats. Environmental changes during Middle Bed 
II may have been a prime mover in evolution of H. erectus. In the following 
sections I will explore this scenario further and reevaluate previous models of 
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early archaeological site formation with reference to this proposal. 
LIMITING RESOURCES FOR EARLY HOMO 
As Speth (1987; Speth and Davis 1976; Speth and Spielmann 1983) 
has argued, seasonality in the availability of fat may have been an important 
limiting factor in the health and reproductive potential of early hominines. 
Ungulates, he argues, lose body fat quickly when forage decreases in quality, 
and therefore they would have been less valuable to hominines seeking fat-
rich resources during the dry season. High protein-low fat diets in humans 
can have detrimental health consequences, leading to starvation even while 
an individual gorges on meat in order to feel satiated. Fat is an essential 
nutrient and its availability is frequently a limiting factor in maternal health 
and population viability. Bunn and Ezzo (1993) do not dispute the nutritional 
importance of fat in the diet of early Homo, but posit that fat was not as 
seasonally limited as Speth (1987) has suggested, pointing out that much of 
Speth's data regarding seasonal fat depletion in prey species is not represen-
tative of East African ungulate populations. The broad range of ungulate 
species available and the highly variable nature of these populations would 
have offered early Homo a choice of feeding opportunities, not all of which 
would have been fat depleted at any one time. Bunn and Ezzo (1991:388) 
hypothesize that even under the assumption that early hominids were unable 
to obtain nutritional, highly fatty organ meats, and were confined instead to 
scavenging bone marrow from kills of other carnivores: 
...[a] group [of five hominids requiring 234 g of fat per day] 
would need to scavenge eland-size carcasses every three days or 
384 
buffalo-size carcasses every four days if they were scavenging for 
bone marrow alone. On the other hand, if ungulates the size of a 
topi or smaller were scavenged, the group would need to procure 
several intact carcasses per day to satisfy fat needs. 
These requirements, however, instead of supporting their contention that 
groups of early Homo could have easily maintained themselves under adverse 
seasonal and competitive conditions, indicate that these populations must 
have relied on a broader base of faunal resources than simply large ungu-
lates. I argue that aquatic reptiles would have provided early Homo with an 
abundant, predictably located source of fat even in the dry season when the 
condition of ungulates may have been deteriorating or at the least, highly 
variable. The reduced metabolic activity common in reptiles allows these 
animals to accumulate fat reserves quickly while depleting them slowly, a 
relationship that permits their propensity for long periods of estivation or 
hibernation (Benedict 1932). In contrast, mammals, particularly African 
ungulates, tend to display little conservation of fat depots during periods of 
drought or reduced forage or forage quality (Stelfox and Hudson 1986; 
Sinclair and Duncan 1972). These patterns of fat depletion closely parallel 
reduction in rainfall and therefore can quickly reduce the value of any animal 
to a hominid seeking fat. The physiology of aquatic reptiles makes them a 
potentially important source of dietary lipids for hominids, particularly at the 
end of the dry season when other animals are low on fat reserves. Speth and 
Davis' (1976) suggestion that the Olduvai turtles might be an early rainy 
season resource for early hominids is correct, but their behavioral interpreta-
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tion is based on a weak phylogenetic analogy to modern human use of land 
tortoises. There is no need to postulate that Olduvai Pelusios were obtained 
as they emerged from hibernation or estivation, rather they would have been 
a year-round resource. Their overriding importance, however, would have 
lain in their value as a source of fat when other animals are deficient. As 
previously discussed, crocodiles too have significant fat reserves, primarily in 
the tail, interposed with the radial musculature of that very large appendage. 
Since the tails of all the crocodiles in the Lake Turkana carcass sample were 
missing, and caudal vertebrae and chevrons were very poorly represented in 
all assemblages, it must be assumed that the crocodile tail is deemed valu-
able booty by whomever, or whatever, is there first to lay claim. 
Water, also, would have been a very critical resource for early homi-
nids, particularly if their ranging patterns were limited due to inefficient 
locomotion in terrestrial environments. Wheeler's (1992,1993,1994) studies 
of morphological limitations on thermoregulatory efficiency indicate that 
small-bodied early hominids would not have fared well in hot/dry open habi-
tats, and may have been limited to ranging in more closed environments. 
Early Homo, with its less efficient bipedal anatomy and thermoregulatory 
adaptations, must have focused on near lake habitats for its subsistence 
activities. These constraints in early Homo may have prevented this hominid 
from ranging far from water sources. The utilization of aquatic reptiles for 
fat would have helped to reduce foraging time since these animals are pre-
dictably located in lake-margin habitats (e.g., in marshes). Palaeoecological 
studies by Kappelman (1984) as well as Plummer and Bishop (1994) indicate 
that the lake margin habitats of Olduvai Bed I ranged from intermediate to 
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closed. Presumably, with the loss of the lake during Middle Bed II, there 
would have been a general trend toward a dominance of open or open wood-
land habitats in the Olduvai Basin. Ruff (1994: 80-81) notes that Homo 
erectus is marked by much larger body size and more linear body dimensions 
than early Homo, indicating this species was "best adapted to a relatively dry, 
open environment...." The significant change in body size seen in this species 
(McHenry 1992,1994; Ruff and Walker 1993; Ruff 1994) may have been 
brought about by the reduction in the lake margin habitats and the selection 
for morphotypes best adapted to hot/arid, open conditions. Selection would 
have favored hominids efficient in foraging over more expansive areas and for 
resources less predictable in distribution and abundance. Changes in the 
proportions of limbs and body size/width would have followed as an adapta-
tion to these new environmental parameters (Ruff 1991,1994). 
Given a scenario of obligatory use of the lake margin zone by early 
Homo, a new model of early archaeological site formation can be offered. In 
the following section, the home-base, central-place foraging, and stone-cache 
models are reviewed. Particular attention is paid to the stone-cache model 
and how it relates to the distribution of sites in the Olduvai Basin and to a 
new model for early hominid land-use. 
REEVALUATION OF BEHAVIORAL MODELS 
The home-base (Isaac 1969,1971) and central-place foraging (Isaac 
1984; see also Oliver 1994) models of early hominid site use focused on the 
daily utilization of particular locations for social and subsistence-related 
activities, portraying early hominids as traditional hunter-gatherers practic-
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ing gender-oriented division of labor and sharing hunted and gathered re-
sources. The accumulation of debris at these locations was thought to reflect 
the same types of social relationships and sex-specific activity patterns found 
in modern humans. Binford (1981) strongly countered this notion, arguing 
that sites represent palimpsests of the activities of both early hominids and 
carnivores. For example, he has interpreted the early archaeological sites at 
DK and FLK "Zinj," as kill/death sites representing the remains of carnivore 
predation events with hominids playing only the role of scavenger, gleaning 
marrow from the ravaged kills of more competent hunters. He argues 
(1981:281) that the sites were only minimally modified by the scavenging 
activities of hominids whose tool-use repertoire consisted solely of smashing 
bones with hammers tones, but not the manufacture and use of cutting tools. 
Even though Binford's (1981) interpretations have not been widely 
accepted, and in fact have generated extensive debates (e.g., Bunn 1986; 
Bunn and Ezzo 1993; Bunn and Kroll 1986; Potts 1988), his analyses have 
nonetheless sparked greater scrutiny of the home-base model, and have 
heightened most researchers' sensitivity to overly anthropomorphizing early 
hominids. In general today there is a current trend away from anthropocen-
tric models of early hominid behavior, primarily because of the recognition 
that, as Bunn and Ezzo (1991:377) assert: 
...attributing to Plio-Pleistocene hominids the behavioural and 
social practices of modern human hunter-gatherers assumes too 
much about the very topic being investigated. 
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More commonly seen today are ecologic- or ecosystemic-oriented approaches 
to site interpretation. These models attempt to place hominids directly in 
their environment by focusing on the range and distribution of food resources 
and raw materials that would have been available to them, as well as on the 
role of interspecific competition (e.g., with carnivores) in establishing the 
availability of animal resources (e.g., Bunn 1981,1986; Bunn and Kroll 1986; 
Biumenschine 1987,1989; Biumenschine and Masao 1991; Cavallo and Biu-
menschine 1989; Potts 1984,1988). New landscape-oriented excavation 
techniques are attempting to establish the synchronic distribution of sites 
within archaeological important regions (Biumenschine and Masao 1991; 
Rogers and Harris 1992; Rogers et al. 1994; Stem 1993). With regard to 
land-use patterns evidenced by the early archaeologically record, Kroll (1994) 
favors an interpretation of early sites as repeatedly used locations offering 
some environmental benefit, such as shade; Bunn (1991:436) sees them as 
"favored locations"; Binford (1984) as points along a frequently travelled 
"route" between stationary resources; and Potts (1988,1991) as "caches" of 
raw and flaked stone for use when hominids were foraging in the area. Each 
of these land-use models has in common the feature of "reuse" of locations 
over time because of their proximity to some limited or necessary resource. 
The "Stone Cache Model" of Potts (1988) proposes that the Olduvai 
occupation sites (e.g., FLK "Zinj") are not occupation sites, but rather places 
of high stone availability where hominids brought parts of carcasses in order 
to process them. He suggests that hominids were active in accumulating the 
stone at particular locales, often transporting the materials from distant 
sources but leaving the stones behind for future use. Unlike home bases, 
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these stone caches would not have been used for protracted periods, but only 
for quick use of the available stone for butchering or marrow removal activi-
ties, since as Potts argues, longer stays at these spots would have put the 
hominids in danger from large carnivores attracted by the meat resources. 
The two main criticisms levelled against the stone-cache model are its appar-
ent requirement for premeditated artifact and raw material discard by early 
hominines, and its lack of testable hypotheses. Potts (1988), however, argues 
that it is not necessary to postulate premeditation by the hominids, only that 
they were able to maintain some mental map of resource distributions in 
their environment. Stone materials left in a particular area would have 
continued to be useful for foraging activities in that same area. Instead of 
"premeditation," he states (1988:282) that "the transport of stone...was likely 
tied to expectations about food distribution." Therefore, the high density of 
stone tools in the lake margin area of the Olduvai Basin could indicate higher 
densities of food resources in these areas-not an unreasonable assumption. 
In turn, the deposition of stone tools in an area would reduce foraging costs 
there in the future, and "condition" the repeated use of these areas over time. 
Setting up testable hypotheses for the stone-cache model is problematic, 
however, since Potts' criteria (1988:285, see discussion in Chapter Two for 
recognizing stone-cache sites could clearly be used to identify any archaeo-
logical site as normally described (i.e., juxtapositions of stone tools and ani-
mals bones that can be shown to be functionally/behaviorally related). The 
factor of reuse of locations, rather than continuous but short-term use as 
represented by the short-term occupation sites at Lake Turkana, Kenya, may 
be more useful in supporting his ideas. 
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The topic of site reuse has perhaps been most thoroughly explored by 
Binford (1980,1982,1984). In his (1980) discussion of hunter-gatherer mobil-
ity patterns, he contrasts systems in which resources are ubiquitously avail-
able in the environment versus those in which important resources are of 
very limited availability. He points out that locations used repeatedly be-
cause of the presence of a very localized resource (e.g., water sources) are 
more apt to have greater archaeological visibility—this pattern is termed 
tethered nomadism by Taylor (1964). In a similar vein, land-use patterns 
have been examined relative not only to the distribution of natural resources, 
but relative to the patterning and site distributions caused by earlier occupa-
tions, whether or not these are linked to natural resources. In such an ap-
proach to the investigation of Anasazi settlement systems, Schlanger 
(1992:97) identifies persistent places as 
places that were repeatedly used during long-term occupations 
of regions. They are neither strictly sites (that is, concentrations 
of cultural materials) nor simply features of a landscape. In-
stead, they represent the conjunction of particular human be-
haviors on a particular landscape....persistent places may form 
on landscapes through a long process of occupation and revisita-
tion that is independent of cultural features but is dependent on 
the presence of cultural materials. In these cases, the artifact 
assemblages that accumulates [sic] at both the larger places, the 
more spatially localized places, and the "cultural feature" places 
may serve as a structuring component of the cultural landscape 
and provide an exploitable resource for people in need of expedi-
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ent tools or of cached tools. 
The concept of persistent places highlights a significant aspect of hu-
man behavior, that of feature reuse and site reoccupation. Other animals 
certainly have parallel behaviors, particularly that of reoccupation, but in 
nonhuman primates these are generally sleeping sites. Field studies of the 
behavior of chimpanzees have shown that nutting rocks left in one location 
are frequently retrieved and carried to new activity areas (Hannah and 
McGrew 1987; McGrew 1992) with the potential that, over time, activity-
specific debris, including stone flake and anvils, could accumulate at the base 
of favorite nut-bearing trees. 
Lake margins, as most recognize, are areas of high preservation poten-
tial for animal remains. Binford (1981:254) notes that: "[The margins of 
bodies of water are] one of the most likely places to find preserved faunal 
material derived from both natural deaths and predators' prey. Such deposits 
are common paleontological contexts and are recorded today (see Hill 1976)." 
My Lake Turkana research supports this statement, but I argue that lake 
margins, such as at Turkana or Olduvai, should be viewed not only as an 
environmental context that is likely to preserve faunal materials, but also as 
areas of high prey availability and predictability, and hence prime areas for 
hunters and scavengers alike. Lakeshores, particularly freshwater lakes, 
should be considered a "tethering" factor in the environment, particularly in 
semiarid or seasonally dry environments as existed in the past both at Oldu-
vai and Turkana, and at Turkana today (the Olduvai region is more xeric 
today than during the existence of palaeolake Olduvai [Hay 1976]). The 
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boundary between the terrestrial and aquatic environments is a magnet to 
which both hominids, aquatic reptiles such as turtles and crocodiles, and 
terrestrial fauna such as water-dependent ungulates, primates, and carni-
vores, are drawn on a daily or at least seasonal cycle. If early Homo was 
constrained in its ability to forage over large, open areas, then the ability to 
locate critical resources in the restricted area of the lake margin zone at 
Olduvai would have been a critical factor in its survival. 
In addition to the higher faunal densities found near permanent water, 
wind and wave action tend to accumulate debris from the aquatic environ-
ment on the shore, in particular the carcasses of both terrestrial and aquatic 
animals. The strandhne, therefore, is a path where the chance of finding 
something edible (if you are a meat-eater) is high in relation to search time 
compared to more open plains. A terrestrial carnivore must roam large 
spaces in order to find herds, single animals, or carcasses, unless it depends 
on sighting circling vultures in order to more easily locate scavengable meat 
(Kruuk 1976). The strandhne is a narrow path, a zone of predictable re-
sources that is always in the same place. Hay (1976:70) has documented that 
"[s]alinity was highest in the western half of the lake [Olduvai], as indicated 
by widespread trona molds in this area." The salinity gradient in the lake 
went from west to east, with fresh water commonly flooding the eastern 
margin. This in turn caused higher sedimentation in the eastern margin, 
including the deposit of aeolian tephra (Tuff DA), which benefited the preser-
vation of faunal and archaeological materials in this area. At Lake Chilwa, 
Malawi, frequent dramatic changes in lake level cause migration offish into 
swampy areas that are spared the extreme rises in salinity characterizing the 
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rest of the lake (Beadle 1981). Lake Olduvai was also prone to frequent and 
dramatic changes in the lake level, given its shallowness and the tectonic 
activity in the area. It is probable also that the salinity gradient, as at Lake 
Chilwa today, affected the distribution of aquatic fauna, tending to distribute 
them more toward the eastern margins, into the fresher water. Given these 
geomorphological and chemical features, the eastern margin of the lake 
would have been most attractive to aquatic fauna as well as to hominids 
seeking both fresh water and game. Game movements due to salinity gradi-
ents in the lake may have been more pronounced in the dry seasons, making 
the densities of terrestrial nondispersing game even higher. 
Water, because of its potential to transport remains, its attractiveness 
as a resource, and its role both as a barrier and pathway for terrestrial fauna, 
acts as an accumulating agent of animal remains. Terrestrial carnivores may 
follow the shoreline looking for washed up carcasses, distressed aquatic fauna 
(including birds), and the young or unhatched eggs of nesting reptiles such as 
turtles and crocodiles. Graham (1968) for example has reported that hyaenas 
prey on crocodile nests. Baboons also are reported (secondhand) by Cott 
(1961:305) to actively route their daily foraging activities to include their 
search for crocodile eggs: 
Olive baboons (Papio anubis) often visit the crocodile 
beaches when on their way to water, and have opportunity to 
steal unguarded eggs.... 
Water dependent animals are predictable in their location, and as a result 
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may be predated upon more regularly that animals that disperse over large 
inland territories. In Kruger National Park, South Africa, Pienaar (1969:114) 
found that waterbuck (Kobus), occurring in relatively low densities, consti-
tuted the preferred prey item of the Hon population, a pattern he attributed 
to the waterbucks': 
relatively sedentary habits and localized distribution—always 
frequenting areas near permanent water, and displaying reluc-
tance to disperse over a wider range even during the rainy 
season. 
Given the large open areas of grassland lining the shores of Lake Turkana, 
the shoreline provides a natural foraging route for terrestrial predators and 
scavengers and may have particular importance in the dry season or during 
the frequent droughts in the area when both wild and domestic herds of 
ungulates congregate closer to the lake. This predictability of prey resources 
around Lake Turkana, and in fact around any inland water with a complex 
biotic community, combined with the universal water-dependency of large 
mammalian predators, elicits an expectation of foraging activities patterned 
in proximity to the lake margin. 
Stewart's (1994:238) work on heavily fragmented fish remains from 
FLK NN Levels 2 and 3 indicates that these remains are more densely accu-
mulated than expected for attritional assemblages. The high level of frag-
mentation of cranial bones, particularly in Level 3, is similar to that produced 
by the processing offish by modern human fishers. She concludes (1994:240) 
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that the FLK NN fish remains represent a "dry season accumulation" and 
points out: 
While the aquatic-based faunas at FLK NN were not necessarily 
accumulated at the same time as the mammalian faunas, the 
coincident occurrence of these large accumulations of bones 
implies real association. 
I concur with this assessment, on the basis of the analyses presented here 
showing that in the aquatic reptile remains are similarly densely distributed 
and fragmented beyond expectations for natural occurrences. 
Bunn (1987:395) has noted that there is abundant evidence for homi-
nids centering their activities around permanent water, the Pleistocene lakes 
of the Turkana and Olduvai basins, and suggests that "the lake margins were 
areas of dry-season aggregation and that the archaeological sites along the 
ephemeral streams on the Karari Escarpment were probably predominantly 
wet-season sites." Speth and Davis (1976) argued that the abundant turtle 
remains at DK and FLK NN indicate that these sites were early rainy season 
occupations. They base this hypothesis on ethnographic data regarding the 
seasonal diets of G/wi and !Kung San groups in which Chelonia (Testundine) 
comprise a significant percentage of the early rainy season diet. It is not 
clear, however, whether the ethnographic counts for prey captures refer to 
land tortoises (Geochelone) or a semiaquatic turtle of the family Pelom-
edusidae. The modern form, Pelomedusa is semiaquatic and known to in-
habit small ephemeral pools, while its relative Pelusios is always found in 
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permanent bodies of water. Closely related (in the family Pelomedusidae), 
Pelusios and Pelomedusa appear to be distributed only allopatrically. Wood 
(1973:628) discusses the relationship between the two pelomedusids, Pelusios 
and Pelomedusa, indicating that the latter is "totally absent from the East 
African fossil record" probably due to the poor potential for preservation 
given its preferred habitat. Only Pelusios, not Pelomedusa, is known from 
Olduvai Gorge, and Geochelone is only present in the fossil assemblages in 
small numbers (Auffenberg 1981). The difference in habitat between the two 
pelomedusids indicates probable differences in seasonal activity, since estiva-
tion is unnecessary in habitats that do not undergo desiccation. This factor 
calls into question Speth and Davis' (1976) interpretation of the Olduvai sites 
as rainy season occupations. Nevertheless, their views are relevant, in light 
of the physiology of turtles and reptiles in general. 
The "lake margin foraging model" proposes that the palaeogeographic 
distribution of Oldowan sites in the lake margin zone of the Olduvai Basin 
represents the ecological limitations of early Homo. Supporting the basic 
behavioral implications of the stone-cache model (Potts 1988), this model 
suggests that early Homo populations focused their subsistence activities in 
this zone, reusing particular locations marked by the presence of valuable 
stone tools left behind from previous activities. The lake margin offered 
favored closed habitats (Kappelman 1984; Plummer and Bishop 1994), the 
availability of permanent water, trees for escape from predators, and a high 
probability of encountering animal resources. Unable to travel long distances 
efficiently (Susman and Stern 1982; Johanson et al. 1987; Jungers 1990; 
Spoor et al. 1994; Ruff 1991,1994), early Homo would have depended on 
397 
aquatic reptiles as reliable, predictably-located sources of fat. This dry-
season scenario is more parsimonious than that requiring early Homo to 
obtain large ungulate carcasses on a regular basis (every three to four days) 
(Bunn and Ezzo 1993), and more fully accounts for evidence that these popu-
lations made use of a broad subsistence base. There is little doubt that ungu-
lates were an important part of early hominine diet, as evidenced by analyses 
of the faunal assemblages of sites such as FLK "Zinj" (Bunn 1982; Bunn 
1986; Bunn and Kroll 1986; Oliver 1994), but their acquisition was surely not 
a life-or-death requirement for early Homo, since other resources were clearly 
available. The use of the lake margins, and in particular areas near produc-
tive marshes, would have been frequent and endured over the lifetime of the 
lake. Stone tools and raw materials left behind from previous visits accumu-
lated over time, creating, in sense, a new local resource that hominids would 
have "mapped onto" with regard to their activities in these areas, similar to 
the process described by Potts (1988). These sites then may have become the 
persistent places that Schlanger (1992) describes on the Anasazi landscape, 
drawing our ancestors to them in search of stone tools or raw materials. In 
this way, the persistent place may well have become, over the millennia of 
hominid evolution, our familiar "home-base." The origins of the human pat-
tern of environmental manipulation and reorganization can therefore be said 
to have begun early in the Pleistocene. 
FUTURE RESEARCH 
A number of directions for future research can be suggested for testing 
the "lake margin foraging" model proposed here. Evidence that would sup-
port the "lake-margin foraging" model includes: 1) a demonstration that the 
398 
distribution of sites actually "track" the location of the lake margin as it 
repeatedly transgressed and regressed across the floor of the basin; 2) that 
the environments surrounding Oldowan and Acheulian sites differed in terms 
of the density of woody vegetation (i.e., were located in closed versus open 
habitats); and 3) that the aquatic reptile remains at lake-margin sites repre-
sent dry season procurement activities. 
The first line of research that could be used to address this new model 
is actually already underway. Continuing archaeological excavations at 
Olduvai Gorge (e.g., Biumenschine and Masao 1991) are aimed at thoroughly 
sampling an isochronous horizon at near the base of Bed H. Examination of 
synchronic and diachronic patterns of site palaeogeography are important in 
addressing the hypothesis that early Homo was more constrained in its land-
use patterns than later Homo. Given this hypothesis, Oldowan sites are 
expected to always occur in lake-margin contexts, but few, if any, Acheulian 
sites should occur there. If Acheulian sites are shown to vary widely in their 
palaeogeographic distribution, occurring widely in Bed H lake-margin con-
texts prior to the desiccation of the lake, then the hypothesized association 
between the advent of this industry (and hence Homo erectus) and the chang-
ing environmental conditions in Middle Bed II will be refuted. Additionally, 
the discovery ofH. erectus remains in horizons significantly older than Tuff 
IID would also serve to refute this hypothesis. Such a find would indicate 
that the temporal spans of H. habilis and H. erectus overlapped to an extent 
that would deny the hypothesized anagenetic evolutionary relationship be-
tween the two taxa. Sikes (1995) predicts that future analyses of the stable 
carbon isotopes of this horizon will demonstrate that the manufacturers of 
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Oldowan tool assemblages preferred more closed habitats. This research also 
would support the apparent correlation Hay (1976) noted between the distri-
bution of the Oldowan and Acheulian industries and palaeogeographic set-
tings. 
Second, since I have posited that aquatic reptiles would have been a 
particularly critical resource during the dry season when ungulates are a less 
reliable source of fat, the search for evidence of seasonality in the aquatic 
reptile remains from lake margin sites is an obvious course of action. Since 
reptiles are ectothermic and their cortical bone is not subject to remodelling, 
fluctuations of bone growth correlated to seasonal fluctuations are more 
readily observed in these taxa than they are in mammals (Enlow 1969; Davis 
1987). Seasonal variations in growth have been shown to cause alternating 
layers of bone, or laminae: wide layers called "zones" and narrow layers 
called "annuli." Zones are laid down during periods favorable for growth, 
generally wet or warm seasons, and annuli represent periods of arrested 
growth, generally cold or dry seasons (Hutton 1986). Examining skeletal 
elements in thin-sections allows one to view the series of zones and annuli 
and determine the type of growth that was active at the time of death. If a 
correlation between zones/annuli and specific environmental conditions can 
be established, then the interpretation of season of death is possible. Inter-
pretations of seasonality based on fish are prevalent in the literature relating 
to the more recent archaeological record (e.g., Casteel 1976; Kelley 1979; 
Brewer 1986), and both reptiles and fish have been used for similar interpre-
tations of palaeontological assemblages (e.g., Buffrenil and Buffetaut 1981; 
Peabody 1961; Ricqles 1976). Enlow (1969) and Peabody (1961) have both 
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noted the correlation between growth laminae and incremental growth in 
crocodilians. Both Graham (1968) and Hutton (1986) have conducted studies 
of growth in Crocodylus niloticus using growth annuli patterns in various 
skeletal elements, and recent work by Chinsamy and Dodson (1995) on evi-
dence for homoiothermy in dinosaurs has drawn on evidence for growth 
annuli in the Nile crocodile. Various researchers have investigated growth 
rates and their skeletal indicators in turtles (e.g., Gibbons 1967,1976; Gal-
braith and Brooks 1987; Harding 1985; Moll 1976). Examination for growth 
annnh in both Crocodylus and Pelusios remains from Bed I and II Olduvai 
archaeological sites could aid in identifying seasonal landuse patterns in 
early Homo over time. 
CONCLUSION 
Common sense and knowledge of the modern human condition asserts 
that we should broaden our investigations of the archaeological record to 
encompass game animals that have not traditionally been represented in 
reconstructions of early hominid subsistence practices. Modem people world-
wide include small-bodied and nonmammalian fauna in their diet, frequently 
as regular, reliable sources of protein and fat (O'Dea 1991; K. Hawkes et al. 
1991). A past focus on large, terrestrial fauna as the primary early hominid 
food resource has brought about conclusions that are unfounded by the rather 
narrow breadth of the research-particularly that stone tool use evolved out of 
the utilization of large carcasses, particularly for extracting within-bone 
tissues (Biumenschine 1987). The research supporting this contention is 
focused on remains of large game, and therefore such a broad association is 
not warranted. Other research programs involving small-bodied game, fish, 
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and even plant foods must be more fully developed before a clear behavioral 
correspondence is identified. My investigation into the nature of the crocodile 
and turtle remains at Olduvai Gorge Bed I and IE archaeological sites is 
offered as an step to a more complete picture of the Olduvai environments 
and the subsistence opportunities available to early Homo. While few indi-
viduals have difficulty picturing early hominids grabbing swimming turtles 
from the margins of lakes or ponds, crocodiles are far from the average 
individual's conception of a game animal. However, the Lake Turkana actu-
alistic assemblages show that crocodiles clearly represent a significant feed-
ing opportunity for any carnivorous animal or human, whether ultimately 
scavenged or hunted. Since the Olduvai crocodile, C. lloidi, is considered a 
very terrestrial species, it must have been susceptible to predation by terres-
trial carnivores, even though considerably dangerous itself. The modern C. 
niloticus deserves to be feared and minded as a predator, yet without a doubt, 
both large carnivores and humans without the aid of guns or poisons over-
take them with significant frequency. Even if early Homo scavenged croco-
diles killed by other predators, these animals, together with the more easily 
obtained turtle, Pelusios, would have been a significant source of dry-season 
fats. 
These initial examinations of crocodile and turtle remains from mod-
ern human and carnivore contexts indicate the problem of equifinality, the 
identical patterning produced by very different agents-can be a problem for 
the interpretation of these fauna, as it is for other well-studied taxa. Sorting 
out the various taphonomic imprints left on these animals by humans, carni-
vores, and processes such as natural disarticulation, weathering, and hydrau-
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He transport, is the only means of approaching a solution to equifinaHty. As 
such, the research presented here is the first step in that direction in identi-
fying a number of variables affecting the preservation of these now more 
familiar animal taxa. 
By evaluating these remains in Hght of current palaeoanthropological 
and palaeoecological data, new interpretations of landscape use by early 
hominids can be explored. The distribution of Oldowan and AcheuHan sites 
relative to the lake margin in the Olduvai Basin presents interesting hypoth-
eses as to significance of aquatic reptiles to the diet and subsistence activities 
of early Homo. Furthermore, these hypotheses raise interesting questions as 
to the impHcations the loss of this resource, and the loss of the lake-margin 
habitat in general, had for early Homo and the evolution of H. erectus. 
To end, I wish to quote McHenry's (1994:85) saHent observation that 
"The dance between precision and uncertainty enHvens paleoanthropology." 
It frequently appears that knowledge of hominid evolution arrives in short 
bursts, generally resulting from the discovery of new fossils. But we must 
recognize that the debate that fills the gaps between these exciting moments 
is no less arousing than the bits of broken hominid skeletons themselves. We 
must remember that the database concerning early hominid evolution is far 
larger than the mere pittance of a fossil record we have for our ancestors. 
The fossiHzed remains of their environment provide no less tantaHzing and 
concrete evidence as to the nature of their lifeways and adaptations. A con-
tinued interest in taphonomic and ecologically-oriented research programs 
promises us that much is yet to be gleaned from the archaeological and palae-
ontological records. 
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Schematic drawing (not to scale) of a crocodile skeleton with elements 
labelled. Skeleton has been "blown apart" to facilitate labelling. Abdominal 
ribs are not shown. 
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cranium 
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humerus 
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Schematic drawing (not to scale) of a Trionyx skeleton with selected 
elements labelled, ventral view. Skeleton has been "blown apart" to 
facilitate labelling. Caudal vertebrae are not shown. 
447 
Carcass 1 
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Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 9 
^ ^ 
c5b 
0 0 0 0 3 0 0 6 
0 0 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 10 
&<e*==m 
6 0 3 0 0 0 0 0 
0 i 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 11 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 12 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 13 
*W 
, (
^ . @ ^ 
nGZ3 C? 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 14 
0 9 06 0 600 
00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 15 
s><e*=m 
0 0 00 0 00 0 
6 0 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 16 
.Ii 
III-.A 
6 9 90 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 17 
0 0 00 6 000 
00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 18 
/ 
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°Bp^% 
9 
0 8 99 9 000 
08 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 19 
=Q c= 
w 
fi 0 0 0 0 0 0 0 
0 0 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 20 
: < ^ % 
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w w ft 
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9 0 09 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements: dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 21 
^MI^X 
0 0 00 0 9 9 9 
0 0 68 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 22 
i^^W""*^w 
8 9 9 9 6 6 6 6 
6 0 06 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 23 
0 0 o 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 24 
6 0 69 0 0 9 0 
. i i i i i i i ) 
0 I 06 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 25 
0 9 60 0 908 
I 6 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 26 
T- — a — ^ S > 
0 0 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 27 
0 0 00 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 28 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 29 
n ^ C=3 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 30 
j o n i##@ 
0 6 90 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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Carcass 31 
y^*2±6**% 
0 0 90 
Code: adjacent black elements indicate articulated joints/elements; gray 
indicates singular/disarticulated elements; dotted lines indicate 
disarticulated joint between larger segments of articulated elements; white 
indicates missing elements. 
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